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Ac ... acetyl 
BAIB  ... bis(acetoxy)iodobenzen 
Bn ... benzyl 
Bu ... butyl 
CA ... chloroacetyl 
CBS ... Corey-Bakshi-Shibata 
Cp ... cyclopentadienyl 
dba ... dibenzylideneacetone 
DBB ... di-tert-butylbiphenyl 
DBU ... 1,8-diazabicyclo[5.4.0]undec-7-ene 
DDQ ... 2,3-dichloro-5,6-dicyano-p-benzoquinone 
DEAD ... diethyl azodicarboxylate 
DIBAL ... diisobutylaluminium hydride 
DMAP ... N,N-dimethyl-4-aminopyridine 
DMP ... Dess-Martin periodinane 
EDCI ... 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
en ... ethylene diamine 
Et ... ethyl 
EWG ... electron withdrawing group 
HATU ... (1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid 
hexafluorophosphate) 
LAH ... lithium aluminium hydride 
LG ... leaving group 
Me ... methyl 
MNBA ... 2-methyl-6-nitrobenzoic anhydride 
Ms ... mesyl 
NBS ... N-bromosuccinimide 
NIS ... N-iodosuccinimide 
NMO ... N-methylmorpholine N-oxide 
Ph ... phenyl 
PMB ... p-methoxybenzyl 
PMP ... p-methoxyphenyl 
 

Pr ... propyl 
PTSA ... p-toluenesulfonic acid 
TBAF ... tetra-n-butylammonium fluoride 
TBDPS ... tert-butyldiphenylsilyl 
TBS ... tert-butyldimethylsilyl 
TEMPO ... 2,2,6,6-tetramethylpiperidine 1-oxyl 
TES ... triethylsilyl 
Tf ... trifluoromethylsulfonyl 
THF ... tetrahydrofuran 
TLC ... thin-layer chromatography 




















































第 2節 ビセリングビアサイド類 
このような背景のもと、筆者は沖縄県産シアノバクテリア Lyngbya sp.より当研究
室にて単離された 18 員環マクロリド配糖体ビセリングビアサイドに着目した(Figure 
2)9。ビセリングビアサイドはヒト子宮頸がん細胞 HeLa に増殖阻害活性を示す化合物
として 2009 年に単離された化合物であり、その後の研究によって(筋)小胞体膜上 Ca2+
ポンプ SERCA を阻害すること、SERCA 阻害に起因する小胞体ストレスが核に伝わり
アポトーシスを誘導することがわかった。また、2015 年にはビセリングビアサイドと
SERCA の共結晶 X線構造解析がおこなわれ 10、上記の結果を支持する結果を得ること
ができ、さらにビセリングビアサイドの SERCA に対する結合様式も明らかにすること
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SERCA に対する結合能をあらわす Ki値を比較すると、ビセリングビアサイド(Ki: 17 
nM)はタプシガルギン(Ki: 0.1 nM)には劣るものの、他の SERCA 阻害剤であるシクロ
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第 3節 ビセリングビアサイド類の合成研究 
ビセリングビアサイド類の合成研究は他の研究グループによっても報告されており、
2011 年に Maier らはビセリングビアサイドの C1-C13 セグメントの合成を報告した
(Scheme 1)16。まずMaier らは、光学分割によって得られたヒドロキシルエステル A2
を主発原料として、酸化段階の調製と保護基の変換を行い、光学活性アルコール A3 を
合成した。また、光学活性なオキサゾリジノン A4 に対する不斉アルキル化反応によっ
てアルキン A5 とした。その後、アルキン A5 をヨウ化ビニルに変換したのちに Brown
の立体選択的なアリル化反応によって不斉点を構築し、ヨウ化ビニル A7 を合成した。
最後に、アルコール A3 とヨウ化ビニル A7 をクロスメタセシス反応によって連結する





またChandrasekhar らは 2013年に C5-C23セグメントの合成を報告した(Scheme 
2)17。Chandrasekhar らはプロピオル酸エチル(B1)を出発原料として、ビセリングビア
サイドの側鎖部分にあたるアルデヒド B2 を合成した。得られたアルデヒド B2 に対し
て、Crimmins らの不斉補助基を用いた立体選択的アルドール反応によって不斉点を構
築し、不斉補助基の除去とWittig 反応による増炭を経てアルデヒド B4 へと導いた。そ
の後、得られたアルデヒド B4 を別途調製した PT スルホン B5 と Julia-Kocienski 反応











まず、筆者は共同研究者と共に 2014 年にビセリングビオライド A の初の全合成を
達成した(Scheme 3)18。全合成においては、市販のグリシドール誘導体 C1 を出発原料
としてスタンナン C2 を合成した。また、二度の Brown の立体選択的なアリル化反応
と野崎-檜山-岸反応を鍵反応としてヨウ化ビニル C5 を合成した。最後に、得られたス
タンナン C2 とヨウ化ビニル C5 を、エステル化と分子内 Stille カップリング反応によ
って連結することでビセリングビオライド A へと誘導することができた。本合成にお
いて、スタンナン C2 とヨウ化ビニル C5 を分子間 Stille カップリングによって連結し
てしまうと、良好な収率で第１級アルコールの酸化を行うことができなかった。その原
因としては、共役ジエン部分の不安定性が考えられた。そのため、先にスタンナン C2
とヨウ化ビニル C4 をエステル化反応によって連結したのちに、分子内 Stille カップリ
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インドの研究グループの Goswami らは、筆者のビセリングビオライド B の全合成
の報告 19 とほぼ同時にビセリングビオライド B の全合成を達成し、報告している
(Scheme 4)20。Goswami らは Jamison らの手法を用いて市販のプロパルギルアルコー
ル D1 のトランスヒドロアルミネーション/アリル化を連続して行い、アルコール D2 を
得た。その後、Brown の立体選択的なアリル化反応を行うことで、光学活性なアルコ
ール D3 を合成した。また、不斉補助基を用いた立体選択的なアルドール反応と Julia-
Kocienski 反応を鍵反応とすることで、ヨウ化ビニル D7 を得た。アルドール反応にお
いては、立体選択性をあげにくい酢酸型のアルドール反応を採用しており、その立体選
択性は 5:1 にとどまっている。また、Julia-Kocienski 反応においても E体と Z体の生
成比が 6.2:1 であった。アルコール D3 とヨウ化ビニル D7 を椎名試薬によって連結し
たのちに、18 員環形成を分子内 Heck 反応によって行なっている。本合成は、収束的
で効率の良い全合成であるといえるが、立体選択性の点において課題が残されている。
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第２章 ビセリングビオライド Bの全合成 







ングビオライド Bの全合成においても、スタンナンとヨウ化ビニルを分子間 Stille カッ
プリング反応によって連結してしまうと、後の変換の際に化合物が分解してしまうこと
がわかった。そこで、ビセリングビオライド B の全合成においては、スタンナン 4 と
ヨウ化ビニル 5 を縮合したのちに、分子内 Stille カップリング反応によって 18 員環を






Wadsworth-Emmons 反応を用いることで構築可能であると考えた。スタンナン 4 に
存在する不斉点は市販の光学活性なグリシドール誘導体を用いることで導入すること
とした。 
また、ヨウ化ビニル 5 はアルデヒド 6 とオキサゾリジノン 7 の立体選択的なアルド
ール反応によって不斉点を構築したのちに、ホスホネート 8 を用いた Horner-
Wadsworth-Emmons 反応による増炭、高井-内本オレフィン化反応によるヨウ化ビニ
ルの導入によって合成することとした。C3 位の不斉炭素は Corey-Bakshi-柴田還元に
よって構築することとした。また、アルデヒド 6 は既知の光学活性アルデヒド 1929よ
り合成できるものとした。 
 




ドを開環し、生じた第 2級水酸基を TBDPS 基で保護した(99% in 2 steps)。その後、
トリチル基を酸によって除去することで第 1 級アルコールを得た(85%)のちに、Dess-
Martin 試薬 21によって酸化してアルデヒド 10 とした(96%)。得られたアルデヒド 10

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に対して、安藤試薬 1122を用いた Z 体選択的な Horner-Wadsworth-Emmons 反応を
行うことで 3置換オレフィンを構築し、エステル 12 とした(93%)。エステル 12 を LAH
で還元する(89%)ことで得られたアリルアルコール 13 に対して、Appel 反応 23を適用
することで臭化物 14 へと変換した(quant)。 
続いて、ビセリングビオライド B の側鎖部分を伸長すべく、臭化物 14 とボロン酸
の鈴木-宮浦クロスカップリング反応 24の条件検討を行った(Table 1)。触媒としてビス
(ジベンジリデンアセトン)パラジウムを用い、塩基として炭酸カリウムを用いたとき、
目的のジエン 15 が Z 体と E 体の比が約 2:1 の分離困難な混合物として収率 34%で得
られた。その後、種々塩基を変更して反応を行なったところ、リン酸カリウムを用いた
ときに最も収率よくジエン 15 を与えることがわかった。 
しかしながら、いずれの条件においても鈴木-宮浦カップリング反応においては収率















る Horner-Wadsworth-Emmons 反応を行なった(Table 2)。まず、通常のホスホン酸ジ
エチルを使用し、塩基として NaH を用いた(entry 1)。その結果、目的の生成物は一切
得られず、Z体のエステルが低収率で得られるのみであった。アルデヒドのプロパルギ
ル位のプロトンが引き抜かれる副反応が観測されたため、塩基性を低下させる目的で






























得ることができた(37% in 3 steps)。その後、水酸基を 2段階で臭化物へと変換し、得
られた臭化物をヒドリド還元することでジエン 15 とした(62% in 3 steps)。最後に、
TBAF を用いて TBDPS 基を除去した(83%)のちに、パラジウム触媒を用いたヒドロス
タニル化反応 28を行うことでスタンナン 4を合成した(37%) (Scheme 9)。 
第 3 節 ヨウ化ビニル 5の合成 
ヨウ化ビニル 5 の合成にあたり、市販の 1,3-プロパンジオールを出発原料として
Sharpless酸化を鍵段階とする既知の7段階の化学変換にて合成できる光学活性なアル
デヒド 1929を用いた(Scheme 10)。アルデヒド 19に対してホスホラン 20を作用させ、
Wittig 反応を行うことによりエステル 21 とした(99%)。この際、目的の E オレフィン
が単一の異性体として得られた。その後、DIBAL によるアルコール 22 への還元(92%)
と Dess-Martin 酸化 21(quant)を経てアルデヒド 6 へと誘導した。アルデヒド 6 に対す
るオキサゾリジノン 730を用いたアルドール反応は、目的のアルドール付加体 23 を単
一の異性体として収率よく与えた(quant)。スズラジカルを用いたチオメチル基の除去
(92%)と 2 級水酸基のメチル化(82%)によってメチルエーテル 25 としたのち、不斉補助
基を還元的に除去することでアルコール 26 へ誘導した(90%)。なお、この段階で、天
然物の立体化学の決定の際に用いた既報 9のアルコール 26'および 26''と 1H NMR を比
較することで、アルコール 26 が望みの相対立体配置を有していることを確認した。ま
た、アルコール 26 は Dess-Martin 試薬 21による酸化によってアルデヒド 27 へと誘導
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続いて、アルデヒド 27 との Horner-Wadsworth-Emmons 反応に用いる、ホスホネ
ート 8 を合成した(Scheme 11)。市販の 1,3-プロパンジオールより 2 段階で調製でき
る、既知のアルデヒド 2831に対して、メチルホスホン酸ジメチルを付加させることでア
ルコールとした。その後、生じた 2級水酸基を Ley-Griffith 酸化 32によってケトンへと
変換し、ホスホネート 8を得た(41% in 2 steps)。 
アルデヒド 27 とホスホネート 8の Horner-Wadsworth-Emmons 反応は、収率よく
目的のエノン 29 を与えた(83%) (Scheme 12)。生じたエノン 29 を Corey-Bakshi-











ことで、アルコール 32 とした(82%)。生じた一級水酸基は TEMPO 酸化によってアル
デヒド 33 へと変換できた(89%)。 
次に、アルデヒド 33 を用いた高井-内本オレフィン化反応 36の反応条件を検討した
(Table 3)。まず、最も一般的な条件である溶媒として THF を使用し、反応温度を 0̊C
としたところ、目的のヨウ化ビニル 5 を収率 77%で得ることができたものの、生成物
は目的の E 体と望まない Z 体の 6:1 の混合物であり、これらを分離することはできな
かった(entry 1)。そこで、Evans らの報告 37を参考に、E体選択性が向上するとされて
いる 1,4-ジオキサンを溶媒として用いることとした。その結果、E体のみが得られたが、
反応速度が極度に低下し原料が回収された(entry 2)。反応速度の上昇を狙って反応温度
を 40̊C まであげたところ、目的とする E体のみが得られるという結果は変わらなかっ
たものの、収率の向上はみられず 42%にとどまり、さらに原料は回収されなかった
(entry 3)。反応速度、選択性の双方を改善するために THF と 1,4-ジオキサンの 1:4 混
合溶媒を用いた結果(entry 4)、78%という良好な収率で目的の E 体を単一の生成物と
して得ることができた。高井-内本オレフィン化反応の立体化学は、アルデヒドとジェ
ミナルジクロムが反応する際に立体障害の大きな二つの置換基がエカトリアル位に配










得られたヨウ化ビニル 5 は 3 段階の変換を経て、カルボン酸 36 へと誘導できた
(Scheme 13)。すなわち、DDQを用いて PMB基を除去しアルコール 34としたのちに、
Dess-Martin 試薬 21 を用いて一級アルコールを酸化することでアルデヒド 35 とした
(71% in 2 steps)。アルデヒド 35 は Pinnick 酸化 38の条件に付すことでカルボン酸 36
へと変換できた。 
第 4 節 スタンナンとヨウ化ビニルの連結、ビセリングビオライド Bの全合成 
最後に、スタンナンセグメントとヨウ化ビニルセグメントを連結することによるビ
セリングビオライド Bへの誘導を行った(Scheme 14)。まず、スタンナン 4'とヨウ化ビ
ニル 5 を用いた Stille クロスカップリング反応 39によって、両セグメントを連結した。
Stille カップリングは収率よく進行し目的の共役ジエン 37 を与えた(63% in 2 steps)
が、その後の変換において PMB 基を除去することができなかった。これは、当初の想
定通り共役ジエン部分の不安定性に起因するものだと考え、共役ジエン部分は最後に構
築する合成ルートを用いることとした。すなわち、スタンナン 4とカルボン酸 36 を椎
名試薬 40で縮合することによってエステル 38 を得た(87% in 2 steps)。その後、分子
内 Stille カップリング反応 39,41 によって 18 員環ラクトンを構築した(94%)。最後に、
TBS 基を除去することでビセリングビオライド Bの全合成を達成した(75%)。また、既
知のアルデヒド 19 からの最長直線工程数は 20 段階であり、総収率は 11%であった。 
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第 5節 第２章のまとめ 
第２章においては、ビセリングビオライドBの全合成について述べた(Scheme 15)。 
まず、市販のグリシドール誘導体よりスタンナン 4 を合成した。スタンナンの 3 置
換オレフィンと側鎖部分は、電子求引基にニトリルをもつホスホネートを用いることで
一挙に構築することができた。 
また、アルデヒド 6 に対してオキサゾリジノン 7 とホスホネート 8 を順次作用させ
ていくことによってヨウ化ビニル 5 を合成した。C10 位の不斉点に関しては既知のア
ルデヒド由来のものを利用し、C7 位の不斉点は立体選択的なアルドール反応を行うこ
とで構築した。また、C7 位と C10 位の相対配置については天然物の構造決定の際に利
用した２種の合成品と 1H NMR を比較することによって確認した。C3 位の不斉点は、
立体選択的な CBS 還元によって導入し、改良 Mosher 法を適用することによって確認
した。 














第 1 節 ビセリングビオライド Bに対するグリコシル化反応 





アセチル基を選択した。さらに糖 4 位と 6 位の保護には、ビセリングビオライド A の
全合成の際にはp-メトキシベンジリデンアセタールが適用可能であったことを参考に、
ベンジリデンアセタールを選択した。 
このように 2 位、4 位と 6 位が保護された糖に対して、アノマー位の活性化に関し
て様々な脱離基を導入し、グリコシル化反応を行った。まず、イミデートを脱離基にも
つグリコシルドナーを用いた 42。ルイス酸として BF3•OEt2を用い、‒78̊C にてグリコ
シル化反応を行ったところ、目的の反応は進行せず原料が回収される結果となった
(entry 1)。そこで、反応性向上のため反応温度を‒40̊C まで上昇させたところ、グリコ
シル化反応が進行する前に、TLC にて反応系が多点化してしまった(entry 2)。 





















"#,C( dYlpTdkki` 0 @Tlrtmz

 	-
第 2節 糖部分の導入 
ビセリングビアサイドの全合成において、先に述べたようにビセリングビオライド
B の直接のグリコシル化は 18 員環骨格の不安定さゆえに困難であると判断し、糖部分
の導入を合成の中盤でおこない、最後に 18 員環を構築するルートを立案した。まず、
ビセリングビオライド Bの合成中間体であるヨウ化ビニル 5の TBS基を TBAFにて除
去した(93%) (Scheme 16)。得られた第二級アルコール 40 に対して、最終段階での脱
保護が可能であると考えられたクロロアセチル基とベンジリデンアセタールを 2位、4

















得られた糖供与体 44 の全てのアセチル基はこの段階で TES 基にかけかえることで
最終段階での脱保護にそなえた(58% in 2 steps)。その後、ビセリングビオライド Bの
ときと同様に、DDQ による PMB 基の除去と Dess-Martin 酸化 21(56% in 2 steps)、
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第 3節 スタンナンとヨウ化ビニルの連結 
糖部分を導入したカルボン酸 48 を合成できたので、スタンナン 4 との連結を行う
こととした(Scheme 18)。まず、ビセリングビオライド Bの全合成の際と同様に椎名試
薬 40を用いた縮合反応を試みた。しかしながら、目的のエステル 49 を得ることはでき
ず、副生成物として、縮合剤とスタンナンが連結した化合物 50 のみが得られた。そこ
で、添加剤として DMAP の代わりに DMAPO49や DMAP•HCl50などを使用したが結果
は変わらなかった。また、MNBA とは異なる反応機構をもつ縮合剤である EDCI を用
いたところ、反応は一切進行しなかった。 














立体化学をもつスタンナン(S)-4 を調製した(Scheme 19)。すなわち、出発原料として S
体のグリシドール誘導体を用い、アセチリドの付加と生じた 2級水酸基の保護(99% in 
2 steps)、トリチル基の除去(78%)と Dess-Martins 酸化 21(59%)を経てアルデヒド 52 と
した。その後、ニトリル基を電子求引基としてもつホスホネートを用いた Horner-
Wadsworth-Emmons 反応 27によって 3 置換オレフィンを構築した(63%)。得られた 3
置換オレフィンの E体と Z体の混合比は 4:1 であった。ニトリル基を DIBAL と水素化
ホウ素ナトリウムによって還元し、アルコールとした(56% in 3 steps)。この段階でシ
リカゲルカラムクロマトグラフィーによる分離を行い、E体の 3置換オレフィンを単一
の生成物として得た。最後に、水酸基の還元的な除去(61% in 3 steps)と TBDPS 基の
除去(87%)、ヒドロスタニル化反応 28(52%)を行うことでスタンナン(S)-4 とした。 
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合成したスタンナン(S)-4 とカルボン酸 48 の光延反応は、DEAD と PPh3を用いる条
件下 51で円滑に進行し、目的とするエステルを与えた(69% in 2 steps) (Scheme 20)。
最後に、分子内 Stille カップリング反応 41によって 18 員環を構築した(81%)のちに、3
つの TES 基を酢酸存在下で TBAF を作用させることで除去し、ビセリングビアサイド
の全合成を達成した(78%)。合成したビセリングビアサイドの 1H NMR、13C NMR、マ
ススペクトル、比旋光度の値は天然物と良い一致を示した 52。またアルデヒド 19 から


































第 1 節 熱帯熱マラリアと治療薬 
マラリアは、マラリア原虫 Plasmodium がハマダラカによって媒介されることによ
って広がる感染症であり、熱帯から亜熱帯地域まで多くの地域での流行が報告されてい









Plasmodium falciparum は PfATP6 という Ca2+ポンプを持っており、強力な抗マラリ
ア薬であるアルテミシニンの薬剤ターゲットとして考えられている 55。新たな抗マラリ
ア薬を開発する上で、PfATP6 は薬剤ターゲットとして有用である 56。 
ビセリングビアサイド類が阻害する SERCA とマラリア原虫がもつ PfATP6 は、非
常に類似した構造であり、それらのアミノ酸配列の相同性は 43.5%である 57。また、ビ
セリングビアサイド類の SERCA への結合部位にあたるM2、M3、M4 ヘリックスと P1
ドメインにおいては特に相同性が高い(Figure 5)。それに加えて、他の SERCA 阻害剤
として知られるタプシガルギンとシクロピアゾン酸においては、タプシガルギンは
PfATP6 を阻害しないのに対して、シクロピアゾン酸は PfATP6 を阻害し、抗マラリア
活性も有していることが報告されている。これらのことから、シクロピアゾン酸と
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ロキン耐性株 K-1(IC50 3.5 µM)とクロロキン感受性株 FCR-3(IC50 4.4 µM)のいずれの
マラリア原虫に対しても、抗マラリア活性を示した。その一方で、ビセリングビオライ
ド Bの抗マラリア活性は K-1(IC50 24.0 µM)にも FCR-3(IC50 23.5 µM)に対しても弱か
った。この結果は、抗マラリア活性の評価にはヒトの赤血球を用いており、細胞毒性が
強い化合物については抗マラリア活性を正しく評価できないことに由来すると考えら
れる。実際にビセリングビオライド Bはヒト子宮頸がん細胞 HeLa(IC50 0.0028 µM)と
ヒト線維芽細胞MRC-5(IC50 0.23 µM)に対して、強い細胞毒性を示した。またビセリン
グビアサイドについても、抗マラリア活性を示した濃度においてはヒト子宮頸がん細胞




グビアサイド類の SERCA との結合様式をもとに新規類縁体を設計することにした。 
PfATP6 の結晶構造は解明されていないため、SERCA の結晶構造を基盤としてホモ
ロジーモデリングを行なった。SERCA の構造にはビセリングビオライド B と SERCA
の共結晶 10(PDB ID: 4ycn)を用い、PfATP6 のアミノ酸配列は PlasmoDB59より入手し
たものを用いた。これらのテンプレートとアミノ酸配列を利用し、シュレディンガー社
の Prime というプログラムにて PfATP6 のホモロジーモデルを以下のようにして作成
した 60。まず、プログラムに PfATP6 の配列と SERCA の構造を読み込んだ。その後、
二つのタンパク質のアミノ酸配列についてBLASTによって配列解析を行なった。また、
SERCA の配列と２次構造をもとにして、PfATP6 の２次構造を推測した。タンパク質




loop 部分については、それぞれの loop ごとにエネルギーの最小化計算を行なって最安
定配座を求めた。また、すべての計算において OPLS3 という力場を用いた。得られた
PfATP6 の構造を Figure 6 に示す。 
ビセリングビオライド B の結合部位周辺におけるタンパク質の構造は、類似性が高
 (
かった一方で、SERCA の疎水性な Pro337 残基が PfATP6 においては親水性アミノ酸

















ビセリングビアサイド類の C20 と C21 位が Pro337 と接近していることより、C20 と














原料として、以下に示すように合成した(Scheme 22)。まず、アルコール 13 の第１級
水酸基をトリチル基で保護した(quant)のち、TBDPS 基を TBAF によって除去しアルコ
ール 55 とした(67%)。その後、末端アルキンに対するヒドロスタニル化反応 28によっ
てスタンナン 56 を得た(30%)。 
また、アルコール 13 に対して塩基性条件下、ジフェニルリン酸アジドを作用させる
ことでアジド 57 を得た(78%)。アジド 57 をトリフェニルホスフィンで還元して得られ
た第１級アミンをアセチル化することで、側鎖にアミドを導入した(87% in 2 steps)。
その後、得られたアミド 58 の TBDPS 基を除去した(95%)のちに、ヒドロスタニル化反
応 28を行うことでスタンナン 60 へと変換した(35%)。 
アルコール 13 の第１級水酸基は TEMPO酸化(78%)と Pinnick 酸化 38によってカル
ボン酸まで酸化することができた。得られたカルボン酸をエチルアミンと縮合すること
でアミド 62 へと誘導した(82% in 2 steps)。この際、立体障害の影響でカルボン酸の
反応性が低下しており、HATU を用いることによってのみ目的のアミド 62 を得ること
ができた。アミド 62 の TBDPS 基を除去した(99%)のちに、ヒドロスタニル化反応 28を
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いてはビセリングビオライド B の全合成の時と同様に、酢酸存在下 TBAF を作用させ






























compounds Growth-inhibitory activities IC50 (µM) 
HeLa MRC-5 K-1 FCR-3 
51 > 30 19 > 30 23 
52 4.9 3.0 18 14 
53 9.2 1.3 7.3 7.3 

 2.5 0.40 3.5 4.4 




























のグリシドール誘導体よりスタンナン(R)-4 を合成した。次に、アルデヒド 6 にオキサ
ゾリジノン 7 とホスホネート 8 を順次連結することによってヨウ化ビニル 5 を合成し





























Chemicals and solvents were the best grade available and were used as received from 
commercial sources. Optical rotations were measured with a JASCO DIP-1000 polarimeter. 1H 
NMR spectra were recorded on a JEOL JNM-AL400 (400 MHz), a JEOL JNM-A400 (400 MHz) 
or a JEOL JNM-ECX400 (400 MHz) instrument. Chemical shifts are reported δ values in parts 
per million relative to the residual solvent signal (CHCl3: δ = 7.26 ppm; C6HD5: 7.16 ppm) and 
coupling constants are in hertz (Hz). The following abbreviations are used for spin multiplicity: s 
= singlet, d = doublet, t = triplet, q = quartet, m = multiplet and br = broad. 13C NMR spectra were 
recorded on a JEOL JNM-AL400 (100 MHz), a JEOL-A400 (100 MHz) or a JEOL JNM-ECX400 
(100 MHz) instrument using CDCl3 or C6D6 as a solvent. Chemical shifts are reported in parts per 
million from the solvent signal (CDCl3: δ = 77.16 ppm; C6D6: 128.06 ppm). IR spectra were 
recorded on a JASCO FT/IR-4200 instrument and are reported in wavenumbers (cm-1). ESI mass 
spectra were recorded on a LCT premier EX spectrometer (Waters). Both TLC analysis and 
preparative TLC were conducted on E. Merck precoated silica gel 60 F254. Fuji Silysia silica gel 
BW-820 MH, FL-60D and Wako gel 60N were used for column chromatography unless otherwise 
noted. Organic solvents for moisture-sensitive reactions were distilled from the following drying 
agents: THF (Na-benzophenone ketyl), diethy ether (Na-benzophenone ketyl), benzene (Na), 
toluene (Na), CH2Cl2 (P2O5), DMSO (calcium hydride). Anhydrous DMF and dioxane were used 
as obtained from commercial supplies. All moisture-sensitive reactions were performed under an 








(R)-1-(trityloxy)pent-4-yn-2-ol: To a stirred suspension of lithium acetylide ethylenediamine 
complex (2.78 g, 30.2 mmol) in DMSO (7.6 mL) was added a solution of (R)-(+)-trityl glycidyl 
ether (3.79 g, 12.0 mmol) in THF (9.0 mL) at room temperature. After stirring for 1 h, the mixture 
was diluted with saturated aqueous NH4Cl at 0 ˚C, and extracted with EtOAc (3 × 50 mL). The 
combined extracts were washed with brine (70 mL), dried (Na2SO4), filtered, and concentrated. 
Crude alcohol (4.60 g) was used for the next reaction without further purification.  
 
 
(R)-tert-butyldiphenyl((1-(trityloxy)pent-4-yn-2-yl)oxy)silane (9): To a stirred solution of 
crude alcohol (4.60 g) in DMF (15 mL) were added imidazole (3.68 g, 54.0 mmol) and TBDPSCl 
(6.0 mL, 23.3 mmol) at room temperature. After stirring for 40 min, the mixture was diluted with 
cooled H2O (30 mL), and extracted with EtOAc (3 × 50 mL). The combined extracts were washed 
with brine (70 mL), dried (Na2SO4), filtered, and concentrated. The residual oil was purified by 
column chromatography on silica gel (150 g, hexane-EtOAc 25:1) to give silyl ether 9 (4.54 g, 
99% in 2 steps) as a yellow oil: [α]D23.0 +2.7 (c 1.26, CHCl3); IR (neat, cm-1) 3308, 3069, 2931, 
2858, 1590, 1490, 1448, 1428, 1362, 1218, 1112, 998, 936, 822, 760, 700, 633; 1H NMR (400 
MHz, CDCl3) δ 7.70 (m, 2H), 7.62 (m, 2H), 7.48-7.22 (m, 21H), 4.01 (dtd, J = 6.4, 5.1, 4.9 Hz, 
1H), 3.28 (d, J = 5.1 Hz, 2H), 2.57 (ddd, J =16.7, 6.4, 2.6 Hz, 1H), 2.46 (ddd, J =16.7, 4.9, 2.8 
Hz, 1H), 1.88 (dd, J = 2.8, 2.6 Hz, 1H), 1.09 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 144.1, 136.1, 
135.9, 133.9, 129.8, 129.7, 128.9, 127.8, 127.7, 127.7, 127.0, 86.7, 81.1, 71.1, 70.1, 66.1, 27.1, 
24.4, 19.4; HRMS (ESI) m/z 581.2889, calcd for C40H41O2Si [M+H]+ 581.2876.  
 
 
(R)-2-((tert-butyldiphenylsilyl)oxy)pent-4-yn-1-ol (S1): To a stirred solution of silyl ether 9 
(5.59 g, 9.67 mmol) in CH2Cl2 (6 mL) and MeOH (6 mL) was added TsOH·H2O (183 mg, 0.963 
mmol) at room temperature. After stirring for 2.5 h, the mixture was diluted with saturated 
aqueous NaHCO3 (30 mL), extracted with EtOAc (3 × 50 mL). The combined extracts were 








purified by column chromatography on silica gel (140 g, hexane-EtOAc 30:1 to 10:1) to give 
alcohol S1 (2.78 g, 85%) as a colorless oil: [α]D30.0 -25.7 (c 1.07, CHCl3); IR (neat, cm-1) 3429, 
3307, 3072, 2932, 2858, 1473, 1428, 1363, 1240, 1104, 1045, 977, 937, 822, 739, 612; 1H NMR 
(400 MHz, CDCl3) δ 7.71-7.65 (m, 4H), 7.49-7.26 (m, 6H), 3.94 (ddt, J = 8.4, 4.6, 4.5 Hz, 1H), 
3.67 (d, J =4.6 Hz, 2H), 2.45 (ddd, J = 16.7, 8.4, 2.6 Hz, 1H), 2.29 (ddd, J = 16.7, 4.5, 2.6 Hz, 
1H), 1.93 (t, J = 2.6 Hz, 1H), 1.09 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 135.9, 135.7, 133.5, 
133.4, 130.0, 127.9, 127.8, 80.5, 72.0, 70.5, 65.3, 27.0, 23.5, 19.4; HRMS (ESI) m/z 339.1764, 
calcd for C21H27O2Si [M+H]+ 339.1780.  
 
 
(R)-2-((tert-butyldiphenylsilyl)oxy)pent-4-ynal (10): To a stirred solution of alcohol S1 (2.78 
g, 8.23 mmol) in CH2Cl2 (40 mL) was added Dess-Martin periodinane (3.86 g, 9.14 mmol) at 
room temperature. The mixture was stirred for 25 min, diluted with saturated aqueous Na2S2O3 
(30 mL), and extracted with EtOAc (3 × 50 mL). The combined extracts were washed with 
saturated aqueous NaHCO3 (50 mL) and brine (50 mL), dried (Na2SO4), filtered, and concentrated. 
The residual oil was purified by column chromatography on silica gel (75 g, hexane-EtOAc 20:1) 
to give aldehyde 10 (2.67 g, 96%) as a colorless oil: [α]D27.0 -5.1 (c 1.48, CHCl3); IR (neat, cm-1) 
3302, 3073, 3049, 2956, 2931, 2859, 1738, 1470, 1427, 1112, 822, 740, 701, 612; 1H NMR (400 
MHz, CDCl3) δ 9.64 (d, J = 1.0 Hz, 1H), 7.71-7.64 (m, 4H), 7.46-7.37 (m, 6H), 4.11 (ddd, J = 
6.3, 5.9, 1.0 Hz, 1H), 2.51 (ddd, J = 17.1, 6.3, 2.9 Hz, 1H), 2.48 (ddd, J =17.1, 5.9, 2.9 Hz, 1H) 
1.99 (t, J = 2.9 Hz, 1H), 1.13 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 202.1, 135.9, 135.9, 132.8, 
132.7, 130.3, 130.0, 128.1, 128.0, 78.9, 75.8, 71.2, 27.0, 23.2, 19.5; HRMS (ESI) m/z 337.1613, 
calcd for C21H25O2Si [M+H]+ 337.1624. 
 
 
ethyl (R,Z)-4-((tert-butyldiphenylsilyl)oxy)-2-methylhept-2-en-6-ynoate (12): To a stirred 
solution of Ando’s reagent 11 (2.43 g, 6.71 mmol) in THF (4 mL) was added NaH (60% in oil, 
300 mg, 7.50 mmol) at 0 ˚C. After stirring for 30 min, a solution of aldehyde 10 (2.05 g, 6.09 
mmol) in THF (6 mL) was added to the reaction mixture at -78 ˚C. The mixture was warmed to 







extracted with EtOAc (3 × 30 mL). The combined extracts were washed with H2O (10 mL) and 
brine (10 mL), dried (Na2SO4), filtered, and concentrated. The residual oil was purified by column 
chromatography on silica gel (70 g, hexane-EtOAc 20:1) to give conjugated ester 12 (2.38 g, 
93%) as a colorless oil: [α]D27.0 -4.9 (c 1.03, CHCl3); IR (neat, cm-1) 3308, 3072, 2961, 2932, 2858, 
1713, 1427, 1206, 1112, 1075, 739, 701, 611; 1H NMR (400 MHz, CDCl3) δ 7.69-7.61 (m, 4H), 
7.41-7.30 (m, 6H), 5.97 (dq, J = 8.3, 1.5 Hz, 1H), 5.20(dt, J = 8.3, 4.9 Hz, 1H), 3.94 (q, J = 6.4 
Hz, 2H), 2.44 (dd, J = 4.9, 2.4 Hz, 2H), 1.95 (t, J = 2.4 Hz, 1H), 1.73 (d, J = 1.5 Hz, 3H), 1.55 (t, 
J =6.4 Hz, 3H), 1.07 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 167.0, 144.2, 136.0, 134.1, 133.9, 
129.8, 129.7, 127.6, 127.6, 127.1, 81.1, 70.0, 68.8, 60.4, 27.7, 27.1, 20.3, 19.5, 14.1; HRMS (ESI) 
m/z 421.2191, calcd for C26H33O3Si [M+H]+ 421.2199. 
 
 
(R,Z)-4-((tert-butyldiphenylsilyl)oxy)-2-methylhept-2-en-6-yn-1-ol (13): To a stirred solution 
of conjugated ester 12 (2.38 g, 5.66 mmol) in THF (10 mL) was added lithium alminium hydride 
(1.0 M solution in THF, 13.5 mL, 13.5 mmol) at -25 °C. After stirring for 15 min at -25 ˚C, the 
mixture was diluted with saturated aqueous Na/K tartrate (20 mL) and stirred for additional 4 h 
at room temperature. The reaction mixture was extracted with EtOAc (3 × 20 mL). The combined 
extracts were washed with brine (20 mL), dried (Na2SO4), filtered, and concentrated. The residual 
oil was purified by column chromatography on silica gel (75 g, hexane-EtOAc 20:1) to give allylic 
alcohol 13 (1.91 g, 89%) as a colorless oil: [α]D27.0 +22.8 (c 1.06, CHCl3); IR (neat, cm-1) 3417, 
3307, 3071, 3050, 2932, 2858, 1473, 1427, 1112, 1072, 1005, 937, 823, 740, 702, 614; 1H NMR 
(400 MHz, CDCl3) δ 7.69-7.64 (m, 4H), 7.47-7.35 (m, 6H), 5.27 (d, J = 8.9 Hz, 1H), 4.55 (ddd, 
J = 8.9, 8.3, 4.9 Hz, 1H), 3.53 (d, J = 5.9 Hz,2H), 2.52 (ddd, J = 16.6, 4.9, 2.9 Hz, 1H), 2.38 (ddd, 
J = 16.6, 8.3, 2.9 Hz, 1H), 1.94 (t, J = 2.9 Hz, 1H), 1.64 (s, 3H), 1.05 (s, 9H); 13C NMR (100 
MHz, CDCl3) δ 136.8, 136.1, 136.0, 134.0, 133.8, 130.0, 129.9, 129.6, 127.8, 127.6, 81.7, 70.1, 








(R,Z)-((7-bromo-6-methylhept-5-en-1-yn-4-yl)oxy)(tert-butyl)diphenylsilane (14): To a 
stirred solution of allylic alcohol 13 (385 mg, 1.02 mmol) in CH2Cl2 (3.8 mL) were added 
triphenyl phosphine (401 mg, 1.53 mmol) and carbon tetrabromide (507 mg, 1.53 mmol) at 0 ˚C. 
The mixture was stirred for 30 min, and concentrated. The residual mixture was purified by 
column chromatography on silica gel (15 g, hexane-EtOAc 20:1) to give allylic bromide 14 (449 
mg, quant.) as a colorless oil: [α]D27.0 -37.9 (c 1.05, CHCl3); IR (neat, cm-1) 3306, 3071, 2932, 
2858, 1473, 1427, 1207, 1112, 1072, 740, 701, 668, 644, 613; 1H NMR (400 MHz, CDCl3) δ 
7.70-7.63 (m, 4H), 7.44-7.34 (m, 6H), 5.42 (dq, J = 9.3, 1.4 Hz, 1H), 4.53 (ddd, J = 9.3, 6.3, 4.9 
Hz, 1H), 3.47 (d, J = 10.2 Hz, 1H), 3.36 (d, J = 10.2 Hz, 1H), 2.43 (ddd, J = 16.0, 4.9, 2.4 Hz, 
1H), 2.39 (ddd, J = 16.0, 6.3, 2.4 Hz, 1H), 1.95 (t, J = 2.4 Hz, 1H), 1.71 (d, J = 1.4 Hz, 3H), 1.05 
(s, 9H); 13C NMR (100 MHz, CDCl3) δ 136.1, 136.0, 133.8, 133.7, 133.0, 132.2, 130.0, 129.8, 
127.8, 127.7, 80.8, 70.5, 68.3, 31.5, 28.1, 27.0, 22.0, 19.4; HRMS (ESI) m/z 441.1223, calcd for 
C24H30BrOSi [M+H]+ 441.1249. 
 
 
diisopropyl (E)-(1-cyanopent-3-en-1-yl)phosphonate (S2): The mixture of bromo acetonitrile 
(0.9 mL, 13.5 mmol) and triisopropyl phosphite (30mL, 13.1 mL) was heated at 60 ˚C for 3.5 h 
to give diisopropyl cyanomethylphosphonate as a colorless oil and this compound was used 
without purification. To a solution of diisopropyl cyanometylphosphonate in DME (10 mL) was 
added NaH (60% in oil, 565 mg, 14.1 mmol) at 0 °C. The mixture was warmed to room 
temperature. After stirring for 1 h, crotyl bromide (1.7 mL, 16.9 mmol) was added. The mixture 
was stirred at room temperature for 12 h, then diluted with water (10 mL) and extracted with 
EtOAc (3 x 20 mL). The combined organic layers were washed with brine (30 mL), dried over 
anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc = 2:1 to 1:1) to give phosphonate S2 (1.96 g, 7.56 mmol, 
58%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.68 (m, 1H), 5.48 (m, 1H), 4.80 (sep, J = 
7.4 Hz, 2H), 2.85 (m, 1H), 2.63-2.44 (m, 2H), 1.70 (brd, J = 7.0 Hz, 3H), 1.38 (d, J = 7.4 Hz, 
12H); 13C NMR (100 MHz, CDCl3) δ 134.0, 128.8, 125.3, 73.0 (d, J = 7.1 Hz), 72.8 (d, J =6.6 






2938, 2242, 1456, 1387, 1376, 1260, 1178, 1142, 1105, 991, 772 cm-1; HRMS-ESI: Exact mass 
calcd for C12H23NO3P [M+H]+: 260.1416; found 260.1391. 
 
 
(R)-2-((E)-but-2-en-1-yl)-4-((tert-butyldiphenylsilyl)oxy)hept-2-en-6-ynenitrile (16): To a 
solution of phosphonate S2 (590.2 mg, 2.28 mmol) in THF (12 mL) was added NaH (60% in oil, 
91.9 mg, 2.30 mmol) at 0 ˚C and warmed to room temperature. After stirring for 10 min at room 
temperature, the mixture was cooled to -78 °C and added the solution of aldehyde 10 (663.9 mg, 
1.97 mmol) in THF (2 x 3 mL). The reaction mixture was stirred at -78 ˚C for 1 h, diluted with 
saturated aqueous NH4Cl (30 mL), and extracted with EtOAc (3 x 20 mL). The combined organic 
layers were washed with brine (20 mL), dried over anhydrous Na2SO4 and concentrated in vacuo. 
The residue was purified by column chromatography on SiO2 (hexane/EtOAc = 30:1) to give 
nitrile 16 (711 mg, 1.72 mmol, 87%, E/Z = ca. 4:1) as a colorless oil: 1Η ΝΜR (400 ΜHz, CDCl3) 
δ 7.70-7.62 (m, 4Η), 7.45-7.36 (m, 6Η), 6.06 (brd, J = 8.7 Hz, 1H), 5.48 (m, 1H), 5.18 (m, 1H), 
4.73 (dt, J = 8.7, 6.5 Hz, 1H), 2.66 (brd, J = 7.1 Hz, 2H), 2.48-2.42 (m, 2H), 2.00 (t, J = 2.5 Hz, 
1H), 1.66 (brd, J = 6.5 Hz, 3H), 1.07 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 146.9, 135.9, 133.4, 
133.1, 130.2, 130.1, 130.0, 127.9, 127.9, 124.8, 116.5, 114.5, 79.4, 71.2, 70.7, 37.1, 27.9, 27.0, 
19.4, 18.0; IR (neat) 3296, 3070, 3048, 3027, 2999, 2961, 2932, 2893, 2858, 2219, 1471, 1427, 
1112, 1105, 1076, 822, 740, 701 cm-1; HRMS-ESI: Exact mass calcd for C27H32NOSi [M+H]+: 
414.2253; found 414.2228; [α]D26.3 -12.4 (c 1.09, CHCl3). 
 
 
(R,E)-2-((E)-but-2-en-1-yl)-4-((tert-butyldiphenylsilyl)oxy)hept-2-en-6-yn-1-ol (17): To a 
solution of nitrile 16 (181.0 mg, 0.44 mmol) in CH2Cl2 cooled at -78 ˚C was added DIBAL (1.0 
M solution in hexane, 1 mL, 1 mmol). After stirring for 10 min, the mixture was diluted with 
MeOH (10 mL) and warmed to room temperature. The precipitate was filtered by Celite pad and 
the filtrate was concentrated to give imine as a colorless oil. The solution of the imine in THF (3 
mL) coold at 0 ˚C was added HClaq (1.0 M, 1 mL, 1 mmol). After stirring for 10 min, the mixture 






Combined organic layers were washed with brine (20 mL), dried over Na2SO4 and concentrated 
in vacuo to give aldehyde. To the solution of the aldehyde in MeOH (2 mL) cooled at 0 ˚C was 
added NaBH4 (39.5 mg, 1.04 mmol). The reaction mixture was stirred for 35 min, diluted with 
saturated aqueous NaHCO3 (5 mL) then extracted with EtOAc (3 x 10 mL). The combined organic 
layer was washed with brine (5 mL), dried over Na2SO4 and concentrated in vacuo. The residue 
was purified by column chromatography on SiO2 (hexane/EtOAc = 10:1 to 8:1) to give alcohol 
17 (72.9 mg, 0.17 mmol, 37% in 3 steps) and it’s 18Z-isomer (46.4 mg, 0.11 mmol, 25%) as a 
colorless oil: 1Η ΝΜR (400 ΜΗz, CDCl3) δ 7.73-7.66 (m, 4H), 7.46-7.33 (m, 6H), 5.42 (d, J = 
9.2 Hz, 1H), 5.22 (m, 1H), 5.02 (m, 1H), 4.65 (dt, J = 9.2, 6.1 Hz, 1H), 3.79 (brd, J = 14.5 Hz, 
1H), 3.72 (brd, J = 14.5 Hz, 1H), 2.43 (m, 1H), 2.40 (m, 1H), 2.36 (m, 1H), 2.30 (m, 1H), 1.95 (t, 
J = 2.5 Hz, 1H), 1.50 (dd, J = 1.2, 6.1 Hz, 3H), 1.05 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 138.8, 
136.2, 136.1, 134.5, 133.9, 129.9, 129.7, 128.2, 128.0, 127.7, 127.5, 126.7, 81.3, 70.1, 68.2, 66.2, 
31.7, 28.6, 27.0, 19.4, 17.8; IR (neat) 3307, 3071, 3047, 3015, 2960, 2932, 2892, 2857, 1473, 
1427, 1111, 1069, 999, 970, 937, 822, 719, 701 cm-1; HRMS-ESI: Exact mass calcd for 
C27H35O2Si [M+H]+: 419.2406; found 419.2423; [α]D26.3 -24.4 (c 1.08, CHCl3). 1H NMR (18Z-
isomer, 400 MHz, CDCl3) δ 7.71-7.63 (m, 4H), 7.46-7.30 (m, 6H), 5.40 (m, 1H), 5.28 (d, J = 8.8 
Hz, 1H), 5.25 (m, 1H), 4.56 (m, 1H), 3.40 (brd, J = 8.0 Hz, 2H), 2.71 (d, J = 7.2 Hz, 1H), 2.62 (d, 
J = 7.2 Hz, 1H), 2.55 (m, 1H), 2.39 (m, 1H), 1.94 (t, J = 2.8 Hz, 1H), 1.64 (brd, J = 6.4 Hz, 3H), 
1.04 (s, 9H). 
 
 
tert-butyl(((R,5Z,8E)-6-methyldeca-5,8-dien-1-yn-4-yl)oxy)diphenylsilane (15): To a 
solution of alcohol 17 (164.4 mg, 0.39 mmol) in CH2Cl2 (2 mL) cooled at 0 ˚C was added Et3N 
(0.25 mL, 1.80 mmol) and MsCl (0.1 mL, 1.29 mmol). After stirring for 2 h, the mixture was 
diluted with water (5 mL) and extracted with EtOAc (3 x 5 mL). The combined organic layers 
were washed with brine (10 mL), dried over Na2SO4 and concentrated in vacuo to give mesylate. 
The mesylate was dissolved to THF (2 mL) and added LiBr (111 mg, 1.28 mmol) at room 
temperature. The mixture was stirred for 1.5 h, diluted with water (5 mL) and extracted with 
EtOAc (3 x 5 mL). The combined organic layers were washed with brine (5 mL), dried over 
Na2SO4 and concentrated in vacuo to give bromide. To a solution of the bromide in THF (3 mL) 
cooled at 0 ˚C was added lithium triethylborohydride solution (1.0 M in THF, 3 mL, 3.0 mmol). 
OTBDPS
 )
The reaction mixture was warmed to room temperature and stirred for 40 min then diluted with 
saturated aqueous Na/K tartrate (10 mL). The reaction mixture was extracted with EtOAc (3 x 10 
mL). The combined organic layers were washed with brine (10 mL), dried over Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc = 50:1) to give diene 15 (96.9 mg, 0.24 mmol, 62% in 2 steps) as a colorless oil: 
1H NMR (400 MHz, CDCl3) δ 7.71-7.65 (m, 4H), 7.42-7.32 (m, 6H), 5.26 (brd, J = 8.9 Hz, 1H), 
5.18 (m, 1H), 5.01 (m, 1H), 4.55 (m, 1H), 2.44-2.34 (m, 2H), 2.30 (m, 1H), 2.16 (m, 1H), 1.92 (t, 
J = 2.7 Hz, 1H), 1.54-1.50 (m, 6H), 1.05 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 136.1, 136.1, 
134.2, 134.2, 129.7, 129.6, 128.3, 127.7, 127.6, 127.5, 126.2, 124.7, 81.7, 69.8, 68.5, 35.6, 28.7, 
27.1, 23.2, 19.4, 17.9; IR (neat) 3310, 3071, 3048, 3015, 2959, 2931, 2857, 2340, 1473, 1428, 
1112, 1070, 1028, 1006, 998, 967, 934, 822, 737 cm-1; HRMS-ESI: Exact mass calcd for 
C27H34OSi [M+H]+: 403.2457; found 403.2448; [α]D24.3 -1.8 (c 1.04, CHCl3).  
 
 
(R,5Z,8E)-6-methyldeca-5,8-dien-1-yn-4-ol (18): To a solution of diene 15 (118.9 mg, 0.30 
mmol) in THF (2 mL) cooled at 0 ˚C was added TBAF solution (1.0 M in THF, 0.6 mL, 0.6 mL). 
After stirring for 1 h at room tempetature, the mixture was diluted with saturated aqueous NH4Cl 
(5 mL) and extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with 
brine (10 mL), dried over Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc = 10:1 to 5:1) to give alcohol 18 (41.6 mg, 0.25 mmol, 
83%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 5.48 (m, 1H), 5.37 (m, 1H), 5.30 (brd, J = 
8.7 Hz, 1H), 4.55 (m, 1H), 2.86-2.76 (m, 2H), 2.42 (m, 1H), 2.40 (m, 1H), 1.89 (brs, 1H, OH), 
1.72 (brs, 3H), 1.65 (dd, J = 1.2, 6.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 139.6, 128.2, 126.6, 
126.6, 81.0, 70.7, 66.6, 35.8, 27.9, 23.6, 18.0; IR (neat) 3305, 3018, 2968, 2915, 2855, 1975, 1436, 
1377, 1269, 1029, 968 cm-1; HRMS-ESI: Exact mass calcd for C11H17O [M+H]+: 165.1279; found 
165.1288; [α]D26.0 +7.7 (c 1.18, CHCl3).  
 
 





of alcohol 18 (7.3 mg, 44.4 µmol) in benzene (0.4 mL) were added Pd(PPh3)4 (2.4 mg, 2.1 µmol) 
and Bu3SnH (0.03 mL, 111 µmol). After stirring at room temperature for 15 min, the solvent was 
removed in vacuo. The residue was purified by PTLC on SiO2 [200 x 100 x 0.5, hexane/ EtOAc 
= 5:1] to give stannane 4 (7.4 mg, 16.3 µmol, 37%) as a colorless oil: 1H NMR (400 MHz, CDCl3) 
δ 6.05 (d, J = 19.0 Hz, 1H), 5.93 (dt, J = 19.0, 6.9 Hz, 1H), 5.47 (m, 1H), 5.36 (m, 1H), 5.23 (brd, 
J = 7.6 Hz, 1H), 4.43 (m, 1H), 2.85-2.75 (m ,2H), 2.40-2.26 (m, 2H), 1.70 (brs, 3H), 1.65 (d, J = 
5.6 Hz, 3H), 1.52-1.45 (m, 6H), 1.35-1.26 (m, 6H), 0.41-0.85 (m, 15H); 13C NMR (100 MHz, 
CDCl3) δ 144.8, 137.9, 132.8, 128.6, 128.0, 128.5, 63.3, 46.6, 35.8, 29.3, 27.4, 23.6, 18.0, 13.9, 
9.6; IR (neat) 3342, 3019, 2957, 2725, 2871, 2853, 1464, 1456, 1436, 1419, 1376, 988, 964 cm-
1; HRMS-ESI: Exact mass calcd for C23H45OSn [M+H]+: 457.2492; found 457.2522; [α]D24.9 +4.7 
(c 1.02, CHCl3)  
 
 
ethyl (S,E)-6-(benzyloxy)-2,4-dimethylhex-2-enoate (21): To a solution of aldehyde 19 (671 
mg, 3.49 mmol) in benzene (16 mL) was added ethyl 2-(triphenylphosphoranylidene)propionate 
(1.64 g, 4.53 mmol). The solution was refluxed overnight, then poured into a mixture of hexane. 
The white suspension was filtered through Celite. The cake was washed with hexane, then the 
filtrate was concentrated. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 15:1) to give ester 21 (951 mg 3.45 mmol, 99%) as a colorless oil: 1H NMR (400 
MHz, CDCl3) δ 7.36-7.25 (m, 5H), 6.52 (brd, J = 10.2 Hz, 1H), 4.46 (s, 2H), 4.18 (q, J = 6.8 Hz, 
2H), 3.48-3.34 (m, 2H), 2.73 (m, 1H), 1.84 (d, J = 1.5 Hz, 3H), 1.76 (m, 1H), 1.59 (m, 1H), 1.30 
(t, J = 6.8 Hz, 3H), 1.02 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 168.5, 147.2, 138.6, 
128.5, 127.8, 127.7, 127.1, 73.2, 68.4, 60.6, 36.8, 30.2, 20.2, 14.4, 12.6; IR (neat) 3032, 2959, 
2929, 2869, 1708, 1648, 1496, 1454, 1389, 1366, 1316, 1270, 1211, 1136, 1096, 1028, 750, 698, 
614 cm-1; HRMS-ESI: Exact mass calcd for C17H25O3 [M+H]+: 277.1804; found 277.1824; [α]D23.0 
+31.3 (c 1.13, CHCl3). 
 
 






(1.12 g, 4.05 mmol) in DCM (20 mL) was added DIBAL (1 M solution in hexane) (11.0 mL, 11.0 
mmol). The reaction was stirred at -25 ˚C for 30 min, then quenched by addition of saturated 
potassium sodium tartrate aqueous solution and stirred for 1 hour. The mixture was extracted with 
EtOAc (3 x 50 mL), the combined organic layers were washed with brine, dried over anhydrous 
Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 5:1) to give alcohol 22 (874 mg, 3.73 mmol, 92%) as a colorless oil: 1H NMR 
(400 MHz, CDCl3) δ 7.35-7.27 (m, 5H), 5.16 (m, 1H), 4.47 (s, 2H), 3.98 (d, J = 1.1 Hz, 2H), 3.48-
3.37 (m, 2H), 2.61 (m, 1H), 1.73-1.65 (m, 1H), 1.66 (d, J = 1.4 Hz, 3H), 1.50 (m, 1H), 0.96 (d, J 
= 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 138.7, 134.1, 132.0, 128.5, 127.8, 127.7, 73.1, 69.1, 
68.7, 37.4, 29.1, 21.2, 14.0; IR (neat) 3385, 3063, 3030, 2954, 2924, 2865, 1496, 1454, 1364, 
1310, 1206, 1101, 1074, 1012, 866, 736, 698, 607 cm-1; HRMS-ESI: Exact mass calcd for 
C15H23O2 [M+H]+: 235.1698; found 235.1718; [α]D23.0 +31.3 (c 1.01, CHCl3). 
 
 
(S,E)-6-(benzyloxy)-2,4-dimethylhex-2-enal (6): To a solution of alcohol 22 (496 mg, 2.12 
mmol) in DCM (7 mL) was added Dess-Martin periodinane (1.02 g, 2.40 mmol). The reaction 
was stirred at room temperature for 20 min, then quenched by addition of saturated sodium 
thiosulfate aqueous solution and stirred 1 hour. The mixture was extracted with EtOAc (3 x 50 
mL), combined organic layers were washed with brine, dried over anhydrous Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 5:1) to give aldehyde 6 (519 mg, 2.24 mmol, quant) as a colorless oil: 1H NMR 
(400 MHz, CDCl3) δ 9.38 (s, 1H), 7.36-7.28 (m, 5H), 6.26 (dd, J = 1.4, 10.1 Hz, 1H), 4.46 (s, 
2H), 3.46 (m, 1H), 3.38 (m, 1H), 2.95 (m, 1H), 1.82 (m, 1H), 1.75 (d, J = 1.4 Hz, 3H), 1.65(m, 
1H), 1.08 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 195.7, 160.0, 138.5, 138.4, 128.5, 
127.8, 73.3, 68.1, 36.7, 30.6, 20.0, 9.5; IR (neat) 3031, 2961, 2928, 2859, 2709, 1685, 1641, 1496, 
1454, 1406, 1363, 1320, 1240, 1205, 1103, 1028, 831, 738, 698, 674, 613 cm-1; HRMS-ESI: Exact 







enoyl)oxazolidin-2-one (23): To a cooled (-78˚C) solution of oxazolizinone 7 (606 mg, 2.28 
mmol) in DCM (5 mL) was added TiCl4 (0.25 mL, 2.30 mmol). After 10 min, iPr2NEt (1 mL, 
5.81 mmol) was added and stirred at -78˚C for 50 min. To the reaction mixture was added N-
methylpyrrolidone (0.24 mL, 2.50 mmol) and after 10 min stirring a solution of aldehyde 6 (520 
mg, 2.24 mmol) in DCM (4 mL) was added via canular. The reaction was stirred at -78˚C for 2 h 
and at -40˚C for 2 h, then quenched by saturated NH4Cl aqueous solution. The reaction mixture 
was extracted with EtOAc (3 x 30 mL), washed with brine, dried over anhydrous Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 8:1 to 3:1) to give aldol adduct 23 (1.14 g, 2.29 mmol, quant) as a colorless oil: 
1H NMR (400 MHz, CDCl3) δ 7.35-7.22 (m, 10H), 5.31 (brd, J = 9.9 Hz, 1H), 5.05 (d, J = 9.7 
Hz, 1H), 4.58 (m, 1H), 4.41 (d, J = 9.7 Hz, 1H), 4.40 (s, 2H), 4.04 (dd, J = 2.7, 9.0 Hz, 1H), 3.96 
(dd, J = 7.9, 9.0 Hz, 1H), 3.42-3.29 (m, 2H), 3.19 (dd, J = 3.4, 13.5 Hz, 1H), 2.78 (dd, J = 9.2, 
13.5 Hz, 1H), 2.58 (m, 1H), 2.20 (s, 3H), 1.72-1.63 (m, 2H), 1.67 (s, 3H), 0.97 (d, J = 6.7 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 168.7, 153.0, 138.6, 136.7, 135.0, 132.0, 130.0, 129.1, 128.5, 
127.7, 127.5, 73.3, 72.8, 68.6, 66.0, 55.1, 48.2, 37.7, 37.1, 29.1, 20.8, 12.2, 11.4; IR (neat) 3489, 
3063, 3029, 2956, 2924, 2865, 1773, 1685, 1604, 1497, 1480, 1454, 1363, 1204, 1107, 1076, 
1053, 1027, 881, 804, 750, 700, 668, 617 cm-1; HRMS-ESI: Exact mass calcd for C28H36NO5S 




one (24): To a solution of aldol adduct 23 (1.27 g, 2.55 mmol) in benzene (5 mL) were added 
Bu3SnH (1.2 mL, 4.62 mmol) and AIBN (55.3 mg, 0.34 mmol). The solution was refluxed for 2 
h, then concentrated. The residue was purified by column chromatography on SiO2 













NMR (400 MHz, CDCl3) δ 7.30-7.14 (m, 10H), 5.21 (brd, J = 9.9 Hz, 1H), 4.63 (m, 1H), 4.46 
(dd, J = 2.7, 9.9 Hz 1H), 4.40 (s, 2H), 4.17-4.10 (m, 2H), 3.41-3.30 (m, 2H), 3.23 (dd, J = 3.6, 
13.5 Hz, 1H), 3.21 (dd, J = 9.7, 16.6 Hz, 1H), 2.99 (dd, J = 2.9, 16.6 Hz, 1H), 2.73 (dd, J = 9.4, 
13.5 Hz, 1H), 2.55 (m, 1H), 1.63 (d, J = 1.4 Hz, 3H), 1.62 (m, 1H), 1.42 (m, 1H), 0.92 (d, J = 6.7 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.6, 153.6, 138.7, 135.2, 134.7, 132.6, 129.6, 129.1, 
128.5, 127.8, 127.6, 127.6, 73.4, 73.1, 68.7, 66.4, 55.3, 41.6, 37.9, 37.3, 29.0, 21.1, 12.3; IR (neat) 
3491, 3063, 3029, 2955, 2924, 2866, 1782, 1700, 1604, 1497, 1480, 1454, 1389, 1362, 1292, 
1109, 1074, 1028, 877, 747, 701, 610 cm-1; HRMS-ESI: Exact mass calcd for C27H33NO5 [M+H]+: 




one (25): To a solution of alcohol 24 (1.06 g, 2.35 mmol) in DCM (10 mL) in the dark were added 
proton sponge (2.24 g, 10.5 mmol) and Me3O•BF4 (1.16 g, 7.84 mmol). The reaction was stirred 
at room temperature for 1 h, then quenched by addition of saturated NaHCO3 aqueous solution 
and filtered through Celite. The cake was washed with EtOAc, then the filtrate was extracted with 
EtOAc (3 x 50 mL). The combined organic layers were washed with 10% citric acid aqueous 
solution and brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The residue was 
purified by column chromatography on SiO2 (hexane/EtOAc 3:1) to give methyl ether 25 (893 
mg, 1.92 mmol, 82%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.35-7.22 (m, 10H), 5.25 
(d, J = 9.3 Hz, 1H), 4.67 (m, 1H), 4.46 (s, 2H), 4.18-4.13 (m, 2H), 4.07 (dd, J = 3.9, 8.8 Hz, 1H), 
3.50 (dd, J = 8.8, 16.1 Hz, 1H), 3.44-3.37 (m, 2H), 3.31 (dd, J = 2.9, 15.2 Hz, 1H), 3.20 (s, 3H), 
2.84 (dd, J = 3.9, 16.1 Hz, 1H), 2.75 (dd, J = 9.8, 15.2 Hz, 1H), 2.63 (m, 1H), 1.68 (m, 1H), 1.61 
(s, 3H), 1.48 (m, 1H), 1.00 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.0, 153.5, 
138.7, 135.5, 135.4, 135.4, 132.4, 129.6, 129.1, 128.5, 128.5, 127.8, 127.6, 127.4, 94.4, 83.0, 77.5, 
77.2, 77.2, 76.8, 73.1, 68.6, 66.1, 56.0, 56.0, 56.0, 55.3, 40.4, 37.9, 37.3, 29.1, 21.3, 11.2, 11.2, 
11.1; IR (neat) 3029, 2926, 2866, 1782, 1701, 1497, 1454, 1383, 1302, 1212, 1097, 1028, 761, 
746, 700, 616 cm-1; HRMS-ESI: Exact mass calcd for C28H36NO5 [M+H]+: 466.2593; found 









(3S,6S,E)-8-(benzyloxy)-3-methoxy-4,6-dimethyloct-4-en-1-ol (26): To a cooled (0 ̊C) 
solution of methyl ether 25 (328 mg, 0.70 mmol) in Et2O (3 mL) and H2O (0.1 mL) was added 
LiBH4 (90%, 106 mg, 4.38 mmol). The reaction was stirred at 0˚C for 10 min then quenched by 
addition of saturated NaHCO3 aqueous solution and extracted EtOAc (3 x 30 mL). The combined 
organic layers were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. 
The residue was purified by column chromatography on SiO2 (hexane/EtOAc 2:1) to give alcohol 
26 (185 mg, 0.63 mmol, 90%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.30-7.20 (m, 
5H), 5.09 (d, J = 9.2 Hz, 1H), 4.40 (s, 2H), 3.64-3.57 (m, 2H), 3.59 (dd, J = 4.5, 9.0 Hz, 1H), 
3.38-3.27 (m, 2H), 3.11 (s, 3H), 2.57 (m, 1H), 2.21 (brs, 1H, OH), 1.83 (m, 1H), 1.64 (m, 1H), 
1.50 (m, 1H), 1.48 (s, 3H), 1.40 (m, 1H), 0.92 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 138.6, 134.9, 133.1, 128.5, 127.9, 127.7, 87.4, 73.2, 68.6, 61.6, 55.7, 37.3, 37.2, 36.4, 29.2, 21.4, 
11.0; IR (neat) 3426, 3088, 3063, 3030, 2926, 2867, 1951, 1874, 1756, 1668, 1664, 1587, 1496, 
1454, 1363, 1314, 1235, 1206, 1178, 1155, 1101, 945, 903, 869, 794, 737, 698, 612 cm-1; HRMS-




(3S,6S,E)-8-(benzyloxy)-3-methoxy-4,6-dimethyloct-4-enal (27): To a solution of alcohol 26 
(163 mg, 0.56 mmol) in DCM (1 mL) was added Dess-Martin periodinane (280 mg, 0.66 mmol). 
The reaction was stirred at room temperature for 30 min, then quenched by addition of saturated 
sodium thiosulfate aqueous solution and stirred for 1 h. The mixture was extracted with EtOAc 
(3 x 20 mL), combined organic layers were washed with brine, dried over anhydrous Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 5:1) to give aldehyde 27 (154 mg, 0.53 mmol, 94%) as a colorless oil: 1H NMR 
(400 MHz, CDCl3) δ 9.64 (t, J = 2.2 Hz, 1H), 7.30-7.29 (m, 5H), 5.16, (brd, J = 9.0 Hz, 1H), 4.39 








2.7, 8.8, 15.9 Hz, 1H), 2.56 (m, 1H), 2.28 (ddd, J = 2.2, 4.7, 15.9 Hz, 1H), 1.62 (m, 1H), 1.49 (d, 
J = 1.4 Hz, 3H), 1.39 (m, 1H), 0.93 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 201.3, 
138.6, 135.7, 132.0, 128.5, 127.9, 127.7, 82.0, 73.2, 68.5, 55.8, 48.1, 37.2, 29.1, 21.3, 11.0; IR 
(neat) 3030, 2955, 2927, 2866, 1726, 1679, 1625, 1496, 1454, 1364, 1205, 1100, 1028, 872, 737, 
698, 598 cm-1; HRMS-ESI: Exact mass calcd for C18H27O3 [M+H]+: 291.1960; found 291.1961; 
[α]D23.0 +21.4 (c 1.08, CHCl3)  
 
 
dimethyl (4-((4-methoxybenzyl)oxy)-2-oxobutyl)phosphonate (8): To a cooled (-78˚C) 
solution of dimethyl methyl phosphonate (238.2 mg, 1.23 mmol) in THF (5 mL) was added butyl 
lithium (2.6 M solution in hexane, 1.4 mL, 3.6 mmol). After stirring for 1 h at -78˚C, 3-((4-
methoxybenzyl)oxy)propanal (28) (238.2 mg, 1.23 mmol) in THF (4 mL) was added via canular. 
The reaction was warmed to room temperature and stirred for 1 h, then quenched by addition of 
saturated aqueous solution of NH4Cl (10 mL) and extracted with EtOAc (3 x 15 mL). The 
combined organic layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. 
The residue was purified by column chromatography on SiO2 (hexane/EtOAc = 2:1 to 
CHCl3/MeOH = 30:1) to give alcohol (272.1 mg) as inseparable mixture with dimethyl methyl 
phosphonate. This mixture was used without further purification.  
To a solution of MS4A (1.8 g) and N-methylmorpholine N-oxide (156.4 mg, 1.34 mmol) in 
CH2Cl2 (1 mL) was added obtained alcohol (272.1 mg) in CH2Cl2 (2 mL). After stirring for 20 
min at room temperature, the mixture was added tetrapropylammonium perruthenate (23.4 mg, 
0.067 mmol) and stirred for 14 h at room temperature, then the reaction was filtered through a 
Celite pad and the filtrate was concentrated. The residue was purified by column chromatography 
on SiO2 (hexane/EtOAc = 2:1 to CHCl3/MeOH = 50:1) to give phosphonate 8 (159.2 mg, 0.50 
mmol, 41% in 2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.23 (d, J = 9.1 Hz, 2H), 
6.86 (d, J = 9.1 Hz, 2H), 4.42 (s, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 3.74 (s, 3H), 3.74 (t, J = 6.3 Hz, 
2H), 3.13 (d, J = 22.7 Hz, 2H), 2.87 (t, J = 6.3 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 200.6, 
159.3, 129.5, 113.9, 130.1, 73.0, 64.7, 55.4, 53.2 (d, JCP = 5.9 Hz), 44.2, 42.5, 41.2; IR (neat) 
2952, 2916, 2850, 1734, 1700, 1652, 1112, 1082, 1072, 1060 cm-1; HRMS-ESI: Exact mass calcd 









dimethyldodeca-4,8-dien-3-one (29): To a cooled (0˚C) solution of phosphonate 8 (307.8 mg, 
0.97 mmol) in THF (1 mL) was added NaH (60% dispersion in mineral oil, 22.9 mg, 0.57 mmol). 
The reaction was stirred at room temperature for 1 h and cooled for 0˚C again, then a solution of 
aldehyde 27 in THF (2 mL) was added via canular. The reaction was stirred at room temperature 
for 1 h, then quenched by addition of saturated aqueous NH4Cl and extracted with EtOAc (3 x 20 
mL). The combined organic layers were washed with brine, dried over anhydrous Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 10:1 to 5:1) to give enone 29 (198 mg, 0.41 mmol, 83%) as a colorless oil: 1H 
NMR (400 MHz, CDCl3) δ 7.29-7.20 (m, 5H), 7.18 (d, J = 8.8 Hz, 2H), 6.80 (d, J = 8.8 Hz, 2H), 
6.71 (dt, J = 15.9, 7.2 Hz, 1H), 6.06 (dt, J = 15.9, 1.3 Hz, 1H), 5.07 (brd, J = 8.5 Hz, 1H), 4.39 
(brs, 1H), 4.39 (brs, 1H), 4.38 (s, 2H), 3.73 (s, 3H), 3.68 (t, J = 6.7 Hz, 2H), 3.46 (dd, J = 6.1, 7.6 
Hz, 1H), 3.38-3.25 (m, 2H), 3.09 (s, 3H), 2.77 (t, J = 6.7 Hz, 2H), 2.57 (m, 1H), 2.43 (m, 1H), 
2.24 (m, 1H), 1.63 (m, 1H), 1.47 (d, J = 1.4 Hz, 3H), 1.39 (m ,1H), 0.92 (d, J = 6.5 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 198.4, 159.3, 144.5, 138.6, 135.6, 132.5, 132.0, 130.4, 129.4, 128.4, 
127.8, 127.6, 113.9, 85.9, 73.1, 73.0, 68.6, 65.3, 55.8, 55.4, 40.2, 37.3, 37.3, 29.1, 21.4, 10.9; IR 
(neat) 3031, 2928, 2865, 1695, 1670, 1630, 1613, 1586, 1513, 1454, 1365, 1302, 1248, 1173, 
1100, 1035, 975, 821, 738, 699 cm-1; HRMS-ESI: Exact mass calcd for C30H41O5 [M+H]+: 




dimethyldodeca-4,8-dien-3-ol (30): To a solution of enone 29 (256 mg, 0.53 mmol) in toluene 
(1.5 mL) was added (R)-Me-CBS catalyst (50.6 mg, 0.18 mmol). To the solution cooled at 0˚C 
was added dimethyl sulfide borane (90%, 0.08 mL, 0.84 mmol), and the mixture was stirred at 0 










for 30 min, and then the solvent was removed in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 4:1 to 2:1) to give alcohol 30 (234 mg 0.49 mmol, 92%) 
as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.29-7.17 (m, 7H), 6.81 (d, J = 8.3 Hz, 2H), 
5.54-5.42 (m, 2H), 5.04 (d, J = 9.3 Hz, 1H), 4.40 (s, 2H), 4.37 (s, 2H), 4.20 (dt, J = 5.9, 5.9 Hz, 
1H), 3.74 (s, 3H), 3.59 (m, 1H), 3.51 (m, 1H), 3.41-3.29 (m, 3H), 3.09 (s, 3H), 2.55 (m, 1H), 2.28 
(m, 1H), 2.09 (m, 1H), 1.73 (dt, J = 5.9, 5.9 Hz, 2H), 1.63 (m, 1H), 1.46 (s, 3H), 1.39 (m, 1H), 
0.92 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 159.4, 138.7, 135.3, 134.4, 132.9, 130.2, 
129.4, 128.5, 127.8, 127.6, 127.5, 113.9, 113.9, 87.2, 73.6, 71.6, 68.7, 68.2, 55.7, 55.4, 37.3, 37.2, 
36.9, 36.8, 29.1, 21.5, 10.8; IR (neat) 3444, 2929, 2863, 1613, 1586, 1513, 1453, 1364, 1302, 
1248, 1173, 1096, 1035, 968, 821, 738, 699 cm-1; HRMS-ESI: Exact mass calcd for C30H43O5 




dimethyldodeca-4,8-dien-3-yl)oxy)(tert-butyl)dimethylsilane (31): To a solution of alcohol 30 
(120 mg, 0.25 mmol) in DMF (1 mL) were added imidazole (86.0 mg, 1.26 mmol) and TBSCl 
(85.1 mg, 0.56 mmol). The reaction was stirred at room temperature for 2 h, then quenched by 
addition of water and extracted with EtOAc (3 x 20 mL). The combined organic layers were 
washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The residue was 
purified by column chromatography on SiO2 (hexane/EtOAc 5:1) to give TBS ether 31 (156 mg, 
< 0.26 mmol, quant) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.29-7.18 (m, 7H), 6.80 (d, 
J = 8.8 Hz, 2H), 5.44-5.34 (m, 2H), 5.03 (brd, J = 9.3 Hz, 1H), 4.40 (s, 2H), 4.37 (d, J = 11.7 Hz, 
1H), 4.31 (d, J = 11.7 Hz, 1H), 4.16 (dt, J = 5.9, 5.9 Hz, 1H), 3.73 (s, 3H), 3.46-3.27 (m, 5H), 
3.07 (s, 3H), 2.57 (m, 1H), 2.23 (m, 1H), 2.03 (m, 1H), 1.68 (dt, J = 6.4, 6.4 Hz, 2H), 1.61 (m, 
1H), 1.47 (brs, 3H), 1.43 (m, 1H), 0.92 (d, J = 6.8 Hz, 3H), 0.81 (s, 9H), 0.04 (s, 3H), -0.04 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 159.2, 138.7, 135.5, 135.2, 133.1, 130.8, 129.4, 128.5, 127.8, 
127.7, 126.9, 113.9, 87.5, 73.2, 72,8, 70.7, 68.8, 66.8, 55.7, 55.4, 38.5, 37.4, 37.1, 29.1, 26.1, 25.8, 
25.8, 21.4, 18.3, 10.9, -2.8, -3.4, -3.9, -4.7; IR (neat) 3031, 2954, 2925, 2856, 1613, 1587, 1513, 
1472, 1463, 1454, 1388, 1362, 1302, 1249, 1207, 1173, 1096, 1038, 1005, 969, 836, 776, 736, 










methoxybenzyl)oxy)-3,5-dimethyldodeca-4,8-dien-1-ol (32): To a cooled (0˚C) solution of di-
tert-butyl biphenyl (487 mg, 1.83 mmol) in THF (1 mL) was added Li wire (ca. 50 mg, washed 
with hexane, MeOH, and Et2O). The solution was sonicated at 0˚C for 2 h, then the solution 
became blue. The solution of LiDBB was cooled to -78˚C.  
To a cooled (-78˚C) solution of TBS ether 31 (146 mg, 0.24 mmol) in THF (1 mL) was added 
the solution of LiDBB (1 mL), cooled at -78˚C. The reaction was stirred at -78˚C for 1.5 h, then 
quenched by addition of saturated aqueous NH4Cl and extracted with EtOAc (3 x 20 mL). The 
combined organic layers were washed with saturated NaHCO3 aqueous solution and brine, dried 
over anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 10:1 to 4:1) to give alcohol 32 (102 mg, 0.20 mmol, 
82%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 9.3 Hz, 2H), 6.87 (d, J = 9.3 
Hz, 2H), 5.46-5.35 (m, 2H), 5.10 (brd, J = 9.3 Hz, 1H), 4.43 (d, J = 11.2 Hz, 1H), 4.38 (d, J = 
11.2 Hz, 1H), 4.21 (dt, J = 6.4, 6.4 HZ, 1H), 3.80 (s, 3H), 3.54-3.41 (m, 5H), 3.15 (s, 3H), 2.56 
(m, 1H), 2.35 (m, 1H), 2.15 (m, 1H), 1.72 (dt, J = 5.9, 5.9 Hz, 2H), 1.65-1.57 (m, 2H), 1.05 (brs, 
3H), 0.99 (d, J = 6.8 Hz, 3H), 0.86 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ 159.3, 135.9, 135.4, 132.8, 130.0, 129.6, 129.6, 126.7, 113.9, 87.4, 72.9, 70.7, 66.6, 61.2, 55.6, 
55.4, 40.1, 38.5, 36.5, 31.5, 29.1, 26.0, 21.5, 18.3, 10.5, -3.9, -4.7; IR (neat) 3436, 2954, 2928, 
2856, 1613, 1513, 1463, 1361, 1302, 1249, 1173, 1092, 1038, 968, 835, 776 cm-1; HRMS-ESI: 














methoxybenzyl)oxy)-3,5-dimethyldodeca-4,8-dienal (33): To a solution of alcohol 32 (109 mg, 
0.22 mmol) in DCM (2 mL) were added TEMPO (4.3 mg, 0.028 mmol) and iodobenzene 
diacetate (160 mg, 0.50 mmol). The reaction was stirred at room temperature for 45 min, then 
quenched by addition of saturated aqueous sodium thiosulfate and stirred for 1 hour. The mixture 
was extracted with EtOAc (3 x 20 mL), and the combined organic layers were washed with 
saturated NaHCO3 aqueous solution and brine, dried over anhydrous Na2SO4 and concentrated in 
vacuo. The residue was purified by column chromatography on SiO2 (hexane/EtOAc 10:1 to 5:1) 
to give aldehyde 33 (98.7 mg, 0.20 mmol, 89%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 
9.68 (s, 1H), 7.25 (d, J = 8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 5.49-5.39 (m, 2H), 5.17 (d, J = 
8.8 Hz, 1H), 4.43 (d, J = 11.2 Hz, 1H), 4.37 (d, J = 11.2 Hz, 1H), 4.22, (m, 1H), 3.80 (s, 3H), 
3.55-3.43 (m, 2H), 3.35 (m, 1H), 3.14 (s, 3H), 3.02 (m, 1H), 2.39-2.35 (m, 2H), 2.31 (m, 1H), 
2.13 (m, 1H), 1.75-1.70 (m, 2H), 1.57 (brs, 3H), 1.05 (d, J = 6.4 Hz, 3H), 0.87 (s, 9H), 0.03 (s, 
3H), 0.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 159,3, 135,7, 134.1, 133.2, 131.0, 129.5, 
126.6, 114.0, 87.2, 72.8, 70.7, 66.8, 55.9, 55.5, 51.1, 38.6, 37.0, 27.5, 26.1, 21.3, 18.4, 11.2, - 3.9, 
-4.6; IR (neat) 2955, 2929, 2856, 2713, 1726, 1613, 1586, 1514, 1463, 1361, 1302, 1173, 1094, 
1037, 969, 836, 776, 668 cm-1; HRMS-ESI: Exact mass calcd for C29H49O5Si [M+H]+: 505.3349; 




dimethyltrideca-4,8,12-trien-3-yl)oxy)dimethylsilane (5): To a solution of CrCl2 (210 mg, 1.71 
mmol) in THF (0.3 mL) were added a solution of aldehyde 33 (57.1 mg, 0.11 mmol) and CHI3 
(54.0 mg, 0.14 mmol) in dioxane (1.8 mL). The reaction was stirred at room temperature for 4 h, 
then quenched by addition of water and extracted with Et2O (3 x 10 mL). The combined organic 
layers were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The 
residue was purified by column chromatography on SiO2 (hexane/EtOAc 15:1) to give vinyl 
iodide 5 (55.3 mg, 87.9 µmol, 78%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 
8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.43 (dt, J = 14.7, 7.3 Hz, 1H), 5.97 (d, J = 14.7 Hz, 1H), 
5.50-5.42 (m, 2H), 5.10 (d, J = 9.3 Hz, 1H), 4.43 (d, J = 11.7 Hz, 1H), 4.37 (d, J = 11.7 Hz, 1H), 





1H), 1.99 (m, 1H), 1.75 (m, 1H), 1.52 (s, 3H), 0.97 (d, J = 6.8 Hz, 3H), 0.87 (s, 9H), 0.03 (s, 3H), 
0.02 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.2, 145.1, 135.6, 134.0, 133.5, 130.8, 129.4, 
126.6, 113.9, 87.3, 75.6, 72.8, 70.7, 66.8, 55.7, 43.6, 38.5, 37.0, 31.9, 26.1, 21.0, 18.3, 11.0, -3.9, 
-4.6; IR (neat) 2927, 2855, 1614, 1513, 1463, 1248, 1094, 837, 776 cm-1; HRMS-ESI: Exact mass 




dimethyltrideca-4,8,12-trien-1-ol (34): To a solution of vinyl iodide 5 (55.3 mg, 87.9 µmol) in 
DCM (1 mL) and pH 7 phosphate buffer solution (1 mL) was added DDQ (31.8 mg, 140 µmol). 
After stirring for 20 min at room temperature, DDQ (26.7 mg, 118 µmol) was added to the mixture. 
The reaction mixture was stirred for 25 min at room temperature, diluted with saturated aqueous 
NaHCO3 (5 mL) and extracted with DCM (3 x 10 mL). The combined organic layers were washed 
with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by 
column chromatography on SiO2 (hexane/EtOAc 5:1) to give the inseparable mixture alcohol 34 
with anisaldehyde (49.7 mg, product/anisaldehyde = 1:1) as a colorless oil. This mixture was used 
to the next reaction without further purification: 1H NMR (400 MHz, CDCl3) δ 6.43 (dt, J = 14.6, 
7.3 Hz, 1H), 5.98 (d, J = 14.6 Hz, 1H), 5.55-5.53 (m, 2H), 5.12 (brd, J = 9.3 Hz, 1H), 4.31 (m, 
1H), 3.82-3.70 (m, 2H), 3.40 (t, J = 6.8 Hz, 1H), 3.15 (s, 3H), 2.52 (m, 1H), 2.33 (m, 1H), 2.16 
(m, 1H), 2.08-1.68 (m, 4H), 1.54 (d, J = 1.0 Hz, 3H), 0.98 (d, J = 6.3 Hz, 3H), 0.90 (s, 9H), 0.08 




dimethyltrideca-4,8,12-trienal (35): To a solution of alcohol 34 (49.7 mg, mixture with 
anisaldehyde) in DCM (1 mL) was added Dess-Martin periodinane (62.4 mg, 147 µmol). After 








of saturated sodium thiosulfate aqueous solution and stirred for 1 hour. The mixture was extracted 
with EtOAc (3 x 10 mL), and the combined organic layers were washed with brine, dried over 
anhydrous Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 10:1) to give aldehyde 35 (31.8 mg, 62.8 µmol, 71% in 
2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 9.77 (s, 1H), 6.43 (dt, J = 14.2, 7.3 Hz, 
1H), 5.98 (d, J = 14.2 Hz, 1H), 5.63-5.50 (m, 2H), 5.11 (d, J = 9.8 Hz, 1H), 4.64 (dt, J = 11.7, 5.9 
Hz, 1H), 3.38 (t, J = 6.8 Hz, 1H), 3.15 (s, 3H), 2.61-2.46 (m, 3H), 2.33 (m, 1H), 2.18 (m, 1H), 
2.09-1.95 (m, 2H), 1.53 (s, 3H), 0.98(d, J = 6.8 Hz, 3H), 0.87 (s, 9H), 0.06 (s, 3H), 0.05 (s, 3H); 
13C NMR (100MHz, CDCl3) δ 202.2, 145.1, 134.1, 134.0, 133.5, 128.0, 87.0, 75.6, 69.5, 55.8, 
51.7, 43.6, 37.0, 31.9, 25.9, 20.8, 18.2, 11.0, -4.0, -4.7; IR (neat) 2955, 2927, 2856, 1726, 1685, 
1463, 1252, 1096, 949, 837, 777, 665 cm-1; HRMS-ESI: Exact mass calcd for C22H40IO3Si 




dimethyltrideca-4,8,12-trienoic acid (36): To a solution of aldehyde 35 (31.8 mg, 62.8 µmol) in 
tBuOH (0.5 mL) were added 2-methyl-2-butene (0.5 mL) and 1 M aqueous NaH2PO4 (0.5 mL), 
then added dropwise 1 M aqueous NaClO2 (0.2 mL). The reaction was stirred at room temperature 
for 45 min, then quenched by addition of water, and extracted with EtOAc (3 x 10 mL). The 
combined organic layers were washed with brine, dried over anhydrous Na2SO4 and concentrated 
in vacuo. The residue (41.8 mg, quant) was used to the next reaction without further purification: 
1H NMR (400 MHz, CDCl3) δ 6.43 (dt, J = 7.3 Hz, 1H), 5.98 (d, J = 14.7, 1H), 5.65-5.50 (m, 2H), 
5.12 (d, J = 9.3 Hz, 1H), 4.55 (m, 1H), 3.39 (m, 1H), 3.14 (s, 3H), 2.61-2.49 (m, 3H), 2.33 (dt, J 
= 7.3, 7.3 Hz, 1H), 2.19-1.97 (m, 3H), 1.53 (s, 3H), 0.89 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H); IR 
(neat) 2955, 2927, 2856, 1713, 1463, 1251, 1096, 950, 836, 778, 669 cm-1; HRMS-ESI: Exact 









To a solution of stannane 4 (30.1 mg, 66.1 µmol) and carboxylic acid 36 (41.8 mg, crude) in DCM 
(0.4 mL) were added DMAP (4.6 mg, 37.7 µmol), MNBA (40.4 mg, 117 µmol) and Et3N (0.03 
mL, 216 µmol). The reaction was stirred at room temperature for 3 h, then quenched by addition 
of saturated NaHCO3 aqueous and extracted with Et2O (3 x 10 mL). The combined organic layers 
were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The residue 
was purified by column chromatography on SiO2 (hexane/EtOAc 30:1) to give the ester 38 (52.5 
mg, 54.7 µmol, 87% in 2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.44 (dt, J = 
14.7, 7.3 Hz, 1H), 6.05-5.79 (m, 2H), 5.57-5.40 (m, 5H), 5.34 (m, 1H), 5.14-5.09 (m, 2H), 4.54 
(m, 1H), 3.37 (t, J = 6.8 Hz, 1H), 3.14 (s, 3H), 2,88 (dd, J = 5.9, 13.7 Hz, 1H), 2.68 (dd, J = 6.8, 
13.7 Hz, 1H), 2.66-2.60 (m, 2H) 2.48 (m, 2H), 2.34 (m, 2H), 2.14 (m, 1H), 2.03-1.96 (m, 2H), 
1.67 (s, 3H), 1.66 (s, 3H), 1.53 (brs, 3H), 1.51-1.42 (m, 6H), 1.34-1.23 (m, 2H), 0.90-0.71 (m, 
31H), 0.02 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 170.5, 145.0, 143.6, 139.4, 134.3, 133.9, 133.5, 
132.0, 128.4, 127.6, 126.6, 124.0, 87.1, 70.7, 70.5, 55.8, 44.1, 43.7, 43.6, 37.1, 36.1, 31.9, 29.2, 
27.4, 26.0, 23.4, 20.7, 18.2, 18.0, 13.9, 11.1, 9.5, -4.0, -4.8; IR (neat) 2956, 2927, 2855, 1734, 
1601, 1463, 1375, 1250, 1157, 1097, 965, 836, 778, 664 cm-1; HRMS-ESI: Exact mass calcd for 




18-((1Z,4E)-2-methylhexa-1,4-dien-1-yl)oxacyclooctadeca-5,9,13,15-tetraen-2-one (39): To a 








µmol) and Pd2(dba)3 (3.3 mg, 3.6 µmol). The reaction was stirred at room temperature for 12 h, 
then quenched by addition of water, and extracted with Et2O (3 x 5 mL). The combined organic 
layers were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The 
residue was purified by PTLC on SiO2 [200 x 100 x 0.5, hexane/EtOAc 5:1] to give the 
macrolactone 39 (4.3 mg, 7.9 µmol, 94%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.05 
(dd, J = 10.3, 14.2 Hz, 1H), 5.98 (dd, J = 10.3, 16.6 Hz, 1H), 5.53-5.27 (m, 8H), 5.09 (dd, J = 8.3, 
17.1 Hz, 1H), 5.02 (dd, J = 9.8, 17.1 Hz, 1H), 4.37 (dt, J = 8.3, 3.9 Hz, 1H), 3.34 (t, J = 7.3 Hz, 
1H), 3.15 (s, 3H), 2.70-2.62 (m, 2H), 2.40-2.22 (m, 8H), 1.71-1.52 (m, 4H), 1.60 (s, 3H), 1.55 (s, 
3H), 1.01 (d, J = 6.8 Hz, 3H), 0.87 (s, 9H), 0.04 (s, 3H), 0.02 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ 170.4, 138.9, 136.9, 134.7, 134.1, 132.5, 132.0, 130.9, 128.3, 127.5, 126.9, 126.5, 124.2, 87.8, 
72.4, 70.2, 53.4, 45.1, 40.4, 38.9, 35.9, 35.9, 35.8, 32.8, 26.0, 23.6, 22.3, 18.3, 18.0, 10.0, -3.8, -
4.3; IR (neat) 2956, 2928, 2855, 1738, 1449, 1375, 1249, 1154, 1098, 1030, 986, 967, 836, 777, 
746, 702, 674, 661, 630, 612, 594, 586 cm-1; HRMS-ESI: Exact mass calcd for C33H55O4Si 
[M+H]+: 543.3870; found 543.3894; [α]D22.7 -52.4 (c 0.53, CHCl3). 
 
 
biselyngbyolide B: To a solution of macrolactone 39 (6.6 mg, 12.2 µmol) in THF (0.5 mL) 
were added AcOH (0.01 mL) and 1 M solution of TBAF in THF (0.1 mL, 0.1 mmol). The reaction 
was stirred at 50˚C for 11 h, then quenched by addition of saturated aqueous NH4Cl, and extracted 
with EtOAc (3 x 5 mL). The combined organic layers were washed with brine, dried over Na2SO4 
and concentrated in vacuo. The residue was purified by PTLC on SiO2 [200 x 100 x 0.5, 
hexane/EtOAc = 3:1] to give biselyngbyolide B (3.9 mg, 9.1 µmol, 75%) as a colorless oil: 1H 
NMR (400 MHz, CD3OD) δ 6.04 (dd, J = 10.7, 14.7 Hz, 1H) 6.01 (dd, J = 10.2, 14.7 Hz, 1H), 
5.55-5.46 (m, 5H), 5.42- 5.35 (m,2H), 5.16 (d, J = 9.8 Hz, 1H), 5.11 (d, J = 9.8 Hz, 1H), 4.35 (m, 
1H), 3.42 (t, J = 7.3 Hz, 1H), 3.15 (s, 3H), 2.95 (dd, J = 5.9, 15.1 Hz, 1H), 2.74 (dd, J = 5.9, 15.1 
Hz, 1H), 2.66 (m, 1H), 2.35-2.16 (m, 8H), 1.68 (d, J = 1.5 Hz, 3H), 1.65 (dd, J = 1.0, 6.4 Hz, 3H), 
1.55 (d, J = 1.5 Hz, 3H), 1.02 (d, J = 2.9 Hz, 3H); 13C NMR (100 MHz, CD3OD) δ 172.4, 140.1, 
138.5, 135.6, 134.8, 133.7, 132.9, 132.0, 129.5, 127.6, 127.4, 127.4, 125.1, 89.3, 71.9, 71.6, 55.6, 




1734, 1436, 1375, 1336, 1309, 1272, 1250, 1177, 1152, 1096, 1008, 986, 967, 858 cm-1; HRMS-





dimethyltrideca-4,8,12-trien-3-ol (40): To a solution of TBS ether 5 (27.4 mg, 43.6 µmol) in THF 
(0.3 mL) was added 1 M solution of TBAF (0.1 mL, 0.1 mmol). The reaction was stirred at 50˚C 
for 14 h, then quenched by addition of saturated aqueous NH4Cl and extracted with EtOAc (3 × 
10 mL). The combined organic layers were washed with brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 3:1 to 2:1) to give alcohol 40 (20.8 mg, 40.4 µmol, 93%) as a colorless oil: 1H 
NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.42 (dt, J = 14.7, 
7.3 Hz, 1H), 6.00 (d, J = 14.7 Hz, 1H), 5.61−5.50 (m, 2H), 5.10 (d, J = 9.3 Hz, 1H), 4.44 (s, 2H), 
4.30 (m, 1H), 3.80 (s, 3H), 3.66 (m, 1H), 3.61 (m, 1H), 3.43 (t, J = 6.8 Hz, 1H), 3.15 (s, 3H), 2.79 
(brs, 1H, OH), 2.51 (m, 1H), 2.34 (m, 1H), 2.18 (m, 1H), 2.03 (m, 1H), 1.97 (m, 1H), 1.83−1.78 
(m, 2H), 1.52 (s, 3H), 0.98 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 159.4, 145.1, 
134.5, 134.1, 133.4, 130.2, 129.5, 127.4, 114.0, 87.1, 75.6, 73.1, 71.8, 68.4, 55.8, 55.4, 43.6, 36.9, 
36.8, 31.9, 20.9, 11.0; IR (neat) 3447, 2922, 2858, 2357, 2341, 1611, 1510, 1457, 1363, 1300, 
1246, 1173, 1092, 1035, 950, 820 cm−1; HRMS-ESI: Exact mass calcd for C24H35INaO4 [M+Na]+: 


















mg, 105 µmol), and MS4A (339.3 mg) was added CH2Cl2 and was stirred at room temperature 
for 30 min, then cooled to −78˚C. To the solution was added 55 mM solution of TMSOTf (0.15 
mL, 8.3 µmol). The reaction was stirred at −78˚C for 1 h and at −40˚C for 1.5 h, then quenched 
by addition of Et3N and filtered. The filtrate was concentrated in vacuo and the residue was 
purified column chromatography on SiO2 (hexane/EtOAc 3:1 to 2:1) to give glycoside 44 (33.3 
mg, 40.8 µmol, 46%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.8 Hz, 2H), 
6.86 (d , J = 8.8 Hz, 2H), 6.42 (dt, J = 14.2, 7.1 Hz, 1H), 5.98 (d, J = 14.2 Hz, 1H), 5.63 (m, 1H), 
5.27 (dd, J = 8.3, 15.6 Hz, 1H), 5.11 (d, J = 9.8 Hz, 1H), 5.06 (dd, J = 9.8, 9.8 Hz, 1H), 4.98 (dd, 
J = 7.8, 9.3 Hz, 1H), 4.45 (d, J = 7.8 Hz, 1H), 4.40 (d, J = 7.8 Hz, 1H), 4.29 (m, 1H), 4.20 (dd, J 
= 4.9, 12.2 Hz, 1H), 4.09 (dd, J = 2.4, 12.2 Hz, 1H), 3.80 (s, 3H), 3.55−3.43 (m, 5H), 3.38 (s, 3H), 
3.15 (s, 3H), 2.51 (m, 1H), 2.37 (m, 1H), 2.14 (m, 1H), 2.09 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 
2.03−1.94 (m, 2H), 1.87 (m, 1H), 1.74 (m, 1H), 1.54 (s, 3H), 0.99 (d, J = 6.3 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ 170.9, 170.0, 169.3, 159.2, 144.9, 133.8, 133.7, 131.6, 131.0, 130.9, 129.3, 
113.9, 113.8, 97.7, 86.9, 81.5, 76.1, 75.7, 72.8, 72.0, 71.9, 69.1, 66.4, 62.6, 58.4, 55.9, 55.4, 43.6, 
37.6, 35.8, 31.8, 21.1, 21.0, 20.9, 20.8; IR (neat) 2953, 2932, 2868, 1750, 1612, 1513, 1456, 1437, 
1373, 1302, 1226, 1173, 1155, 1092, 1038, 970, 904, 823, 599 cm−1; HRMS-ESI: Exact mass 





(((triethylsilyl)oxy)methyl)tetrahydro-2H-pyran-3,5-diyl)bis(oxy))bis(triethylsilane) (45): To a 
solution of glycoside 44 (33.3 mg, 40.8 µmol) in MeOH (0.5 mL) was added 2 M solution of 
NaOMe in MeOH (0.5 mL, 1 mmol) and the mixture stirred at room temperature for 12 h, then 
quenched by addition of DOWEX 50W, and filtered. The filtrate was concentrated in vacuo to 
give triol (26.8 mg) as a colorless oil. To the solution of triol in DMF (0.3 mL) was added 
imidazole (48.3 mg, 0.71 mmol) and TESCl (0.05 mL, 0.30 mmol). After stirring at room 
temperature for 3.5 h, the reaction was quenched by addition of H2O and extracted with EtOAc 









concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 15:1 to 10:1) to give TES ether 45 (24.3 mg, 23.5 µmol, 58% in 2 steps) as a 
colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 
6.43 (dt, J = 14.6, 7.8 Hz, 1H), 5.98 (d, J = 14.6 Hz, 1H), 5.58 (dt, J = 14.6, 6.8 Hz, 1H), 5.28 
(dd, J = 8.8, 14.6 Hz, 1H), 5.10 (d, J = 9.8 Hz, 1H), 4.41 (s, 2H), 4.29 (dd, J = 7.8, 14.1 Hz, 1H), 
4.23 (d, J = 7.3 Hz, 1H), 3.80 (s, 3H), 3.69 (dd, J = 4.9, 11.2 Hz, 1H), 3.52 (s, 3H), 3.52−3.44 (m, 
3H), 3.39 (dd, J = 5.9, 7.3 Hz, 1H), 3.34 (dd, J = 7.8, 7.8 Hz, 1H), 3.15 (s, 3H), 3.06 (m, 1H), 
2.93 (dd, J = 8.8, 8.8 Hz, 1H), 2.50 (m, 1H), 2.36 (m, 1H), 2.14 (m, 1H), 2.04−1.95 (m, 3H), 1.77 
(m, 1H), 1.52 (s, 3H), 0.99−0.93 (m, 27H), 0.67−0.54 (m, 21H); 13C NMR (100 MHz, CDCl3) δ 
159.2, 145.0, 133.8, 133.7, 132.3, 131.1, 130.9, 129.4, 129.3, 113.8, 98.2, 88.5, 86.9, 77.1, 75.8, 
74.4, 72.7, 70.9, 67.3, 62.4, 61.8, 55.8, 55.4, 43.6, 37.3, 35.8, 31.9, 20.7, 11.2, 7.1, 7.0, 5.3, 5.2, 
4.7; IR (neat) 2952, 2911, 2875, 2359, 1614, 1540, 1513, 1457, 1417, 1375, 1302, 1246, 1095, 
1041, 1006, 971, 852, 815, 741 cm−1; HRMS-ESI: Exact mass calcd for C49H89INaO9Si3 [M+H]+: 





dimethyltrideca-4,8,12-trien-1-ol (46): To a solution of TES ether 45 (26.6 mg, 25.7 µmol) in 
CH2Cl2 was added 1 M solution of pH 7 phosphate buffer (1 mL) and DDQ (13.6 mg, 59.9 µmol), 
the mixture was stirred at room temperature for 20 min. To the reaction mixture was added DDQ 
(13.7 mg, 60.4 µmol) and the mixture was stirred at room temperature for 1.5 h and then DDQ 
(28.9 mg, 127 µmol) was added. After stirring at room temperature for 1 h, the reaction was 
quenched by addition of saturated aqueous solution of NaHCO3 and extracted with CH2Cl2 (3 × 
10 mL). The combined organic layers were washed with brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 10:1 to 5:1) to give alcohol 46 (17.4 mg) as a mixture with anisaldehyde: 1H NMR 
(400 MHz, CDCl3) δ 6.43 (dt, J = 14.6, 7.8 Hz, 1H), 5.98 (d, J = 14.6 Hz, 1H), 5.58 (dt, J = 15.6, 









1H), 4.21 (d, J = 7.8 Hz, 1H), 3.85 (dd, J = 2.0, 11.2 Hz, 1H), 3.65−3.61 (m, 2H), 3.52 (s, 3H), 
3.42 (dd, J = 6.8, 6.8 Hz, 1H), 3.37 (dd, J = 8.8, 9.0 Hz, 1H), 3.35 (dd, J = 7.8, 8.8 Hz, 1H), 3.18 
(m, 1H), 3.16 (s, 3H), 2.95 (dd, J = 9.0, 9.0 Hz, 1H), 2.72 (brs, 1H, OH), 2.51 (m, 1H), 2.36 (m, 
1H), 2.16 (m, 1H), 2.05−1.95 (m, 2H), 1.73−1.71 (m, 2H), 1.53 (d, J = 1.0 Hz, 3H), 0.99−0.94 
(m, 27H), 0.69−0.58 (m, 21H); 13C NMR (100 MHz, CDCl3) δ 145.0, 133.8, 133.5, 132.8, 131.1, 
130.3, 99.6, 88.2, 86.8, 77.4, 76.1, 75.6, 62.9, 61.9, 59.4, 55.9, 55.7, 43.7, 38.3, 37.1, 31.9, 20.7, 






dimethyltrideca-4,8,12-trienal (47): To a solution of alcohol 46 (17.4 mg, mixture with 
anisaldehyde) in CH2Cl2 (0.5 mL) was added Dess-Martin periodinane (23.1 mg, 54.5 µmol). 
After stirring at room temperature for 30 min, to the mixture was added Dess-Martin periodinane 
(21.4 mg, 50.5 µmol) and the mixture was stirred at room temperature for 1 h. The reaction was 
quenched by addition of saturated aqueous solution of Na2S2O3 and extracted with EtOAc (3 × 
10 mL). The combined organic layers were washed with saturated aqueous solution of NaHCO3 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 10:1 to 5:1) to give aldehyde 47 (13.2 mg, 14.5 µmol, 
56% in 2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 9.71 (t, J = 2.9 Hz, 1H), 6.42 (dt, 
J = 14.6, 7.3 Hz, 1H), 5.98 (d, J = 14.6 Hz, 1H), 5.71 (dt, J = 15.1, 7.3 Hz, 1H), 5.35 (dd, J = 8.8, 
15.1 Hz, 1H), 5.11 (d, J = 9.3 Hz, 1H), 4.77 (ddd, J = 5.4, 8.8, 13.7 Hz, 1H), 4.27 (d, J = 7.8 Hz, 
1H), 3.81 (dd, J = 1.5, 10.7 Hz, 1H), 3.69 (dd, J = 5.4, 10.7 Hz, 1H), 3.52 (s, 3H), 3.48−3.39 (m, 
2H), 3.34 (dd, J = 7.8, 8.8 Hz, 1H), 3.15 (s, 3H), 3.10 (m, 1H), 2.94 (dd, J = 8.8, 8.8 Hz, 1H), 
2.65 (m, 1H), 2.53−2.48 (m, 2H), 2.38 (m, 1H), 2.16 (m, 1H), 2.03 (m, 1H), 1.96 (m, 1H), 1.53 
(d, J = 1.0 Hz, 3H), 0.99−0.90 (m, 27H), 0.69−0.55 (m, 21H); 13C NMR (100 MHz, CDCl3) δ 
201.4, 145.0, 133.9, 133.6, 133.2, 129.4, 98.6, 88.3, 77.4, 77.2, 75.7, 75.6, 72.5, 70.9, 62.4, 61.9, 









2338, 1732, 1716, 1698, 1558, 1540, 1520, 1507, 1472, 1456, 1081, 1008, 969, 808, 738 cm−1; 
HRMS-ESI: Exact mass calcd for C41H79INaO8Si3 [M+Na]+: 933.4025; found 933.4037; [α]D24.0 





dimethyltrideca-4,8,12-trienoic acid (48): To a solution of aldehyde 47 (13.2 mg, 14.5 µmol) in 
tBuOH (1 mL) was added 2-Me-2-butene (0.5 mL), 1 M aqueous solution of NaH2PO4 (1 mL), 
and 1 M aqueous solution of NaClO4 (0.5 mL). After stirring at room temperature for 40 min, the 
mixture was diluted with EtOAc and H2O and extracted with EtOAc (3 × 10 mL). The combined 
organic layers were washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue 
(15.5 mg) was used for the next reaction without further purification. 
 
 
(S)-tert-butyldiphenyl((1-(trityloxy)pent-4-yn-2-yl)oxy)silane (51): To a stirred suspension of 
lithium acetylide ethylenediamine complex (1.5 g, 16.3 mmol) in DMSO (10 mL) was added a 
solution of (S)-(−)-trityl glycidyl ether (2.4 g, 7.6 mmol) in THF (10 mL) at room temperature. 
After stirring for 2 h, the mixture was diluted with saturated aqueous solution of NH4Cl at 0 °C, 
and extracted with EtOAc (3 × 50 mL). The combined organic layers were washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo to give crude alcohol (2.82 g) and the 
crude alcohol was used for the next reaction without further purification. To a solution of the 
crude alcohol in DMF (5 mL) was added imidazole (1.01 g, 14.8 mmol) and TBDPSCl (2.2 mL, 
8.6 mmol). The reaction was stirred at room temperature for 2 h, then quenched by addition of 
water and extracted with EtOAc (3 × 100 mL). The combined organic layers were washed with 
brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 30:1 to 25:1) to give TBDPS ether 51 (4.0 g, 6.9 mmol, 











for the specific rotation. 
 
 
(S)-2-((tert-butyldiphenylsilyl)oxy)pent-4-yn-1-ol (S3): To a solution of TBDPS ether 51 (4.0 
g, 6.9 mmol) in CHCl3 (10 mL) and MeOH (10 mL) was added TsOH·H2O (247.9 mg, 1.30 mmol). 
The reaction was stirred at room temperature for 1 h, then quenched by addition of saturated 
aqueous solution of NH4Cl, and extracted with EtOAc (3 × 100 mL). The combined organic layers 
were washed with saturated aqueous solution of NaHCO3, water, and brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc 20:1 to 10:1 to 5:1) to give alcohol S3 (1.83 g, 5.41 mmol, 78%) as a colorless 
oil: The analytical data are identical with that of enantiomer, except for the specific rotation. 
 
 
(S)-2-((tert-butyldiphenylsilyl)oxy)pent-4-ynal (52): To a solution of alcohol S3 (777.7 mg, 
2.30 mmol) in CH2Cl2 (7 mL) was added Dess-Martin periodinane (1.95 g, 4.60 mmol). After 
stirring at room temperature for 30 min, the mixture was added Dess-Martin periodinane (1.88 
mg, 4.43 mmol) and stirred at room temperature for 10 min. The reaction was quenched by 
addition of saturated aqueous solution of Na2S2O3 and extracted with EtOAc (3 × 100 mL). The 
combined organic layers were washed with saturated aqueous solution of NaHCO3 and brine, 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc 30:1 to 20:1) to give aldehyde 52 (455.7 mg, 1.35 mmol, 




(S)-2-((E)-but-2-en-1-yl)-4-((tert-butyldiphenylsilyl)oxy)hept-2-en-6-ynenitrile (53): To a 
solution of phosphonate S2 (404.6 mg, 1.56 mmol) in THF (12 mL) was added NaH (60% in oil, 
64.2 mg, 1.61 mmol) at 0˚C and warmed to room temperature. After stirring for 15 min at room 








mg, 1.35 mmol) in THF (3 mL, 1 mL). The reaction mixture was stirred at −78˚C for 3 h, diluted 
with saturated aqueous NH4Cl, and extracted with EtOAc (3 × 20 mL). The combined organic 
layers were washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on SiO2 (hexane/EtOAc = 30:1) to give nitrile 53 (349.9 mg, 
0.85 mmol, 63%, E/Z = ca. 4:1) as a colorless oil: The analytical data are identical with that of 
enantiomer, except for the specific rotation. 
 
 
(S,E)-2-((E)-but-2-en-1-yl)-4-((tert-butyldiphenylsilyl)oxy)hept-2-en-6-yn-1-ol (54): To a 
solution of nitrile 53 (349.9 mg, 0.85 mmol) in CH2Cl2 (10 mL) cooled at −78˚C was added 
DIBAL (1.0 M solution in hexane, 2.5 mL, 2.5 mmol). After stirring for 10 min, the mixture was 
diluted with MeOH (2 mL) and warmed to room temperature. The precipitate was filtered by 
Celite pad and the filtrate was concentrated to give imine as a colorless oil. To the solution of the 
imine in THF (10 mL) cooled at 0˚C was added HClaq (1.0 M, 1 mL, 1 mmol). After stirring for 
15 min, the mixture was diluted with saturated aqueous solution of NaHCO3 and extracted with 
EtOAC (3 × 20 mL). The combined organic layers were washed with brine, dried over Na2SO4, 
and concentrated in vacuo to give aldehyde. To the solution of the aldehyde in MeOH (5 mL) 
cooled at 0˚C was added NaBH4 (43.9 mg, 1.16 mmol). The reaction mixture was stirred for 1 h, 
diluted with saturated aqueous solution of NaHCO3, and then extracted with EtOAc (3 × 20 mL). 
The combined organic layer was washed with brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on SiO2 (hexane/ EtOAc = 10:1 to 8:1) to 
give alcohol 54 (181.3 mg, 0.48 mmol, 56% in 3 steps) as a colorless oil: The analytical data are 
identical with that of enantiomer, except for the specific rotation. 
 
 
tert-butyl(((S,5Z,8E)-6-methyldeca-5,8-dien-1-yn-4-yl)oxy)diphenylsilane (55): To a 
solution of alcohol 54 (181.3 mg, 0.48 mmol) in CH2Cl2 (2 mL) cooled at 0˚C was added Et3N 
(0.3 mL, 2.16 mmol) and MsCl (0.1 mL, 1.29 mmol). After stirring for 2.5 h, the mixture was 





washed with brine, dried over Na2SO4, and concentrated in vacuo to give mesylate. The mesylate 
was dissolved to THF (2 mL) and added LiBr (143.3 mg, 1.65 mmol) at room temperature. The 
mixture was stirred for 1 h, diluted with water and extracted with EtOAc (3 × 10 mL). The 
combined organic layers were washed with brine, dried over Na2SO4, and concentrated in vacuo 
to give bromide. To a solution of the bromide in THF (3 mL) cooled at 0˚C was added lithium 
triethylborohydride solution (1.0 M in THF, 1.5 mL, 1.5 mmol). The reaction mixture was 
warmed to room temperature and stirred for 50 min then diluted with water. The reaction mixture 
was extracted with EtOAc (3 × 10 mL). The combined organic layers were washed with saturated 
aqueous solution of NaHCO3 and brine, dried over Na2SO4 and concentrated in vacuo. The residue 
was purified by column chromatography on SiO2 (hexane/EtOAc = 50:1) to give diene 55 (117.6 
mg, 0.29 mmol, 61% in 3 steps) as a colorless oil: The analytical data are identical with that of 
enantiomer, except for the specific rotation. 
 
 
(S,5Z,8E)-6-methyldeca-5,8-dien-1-yn-4-ol (56): To a solution of diene 55 (117.6 mg, 0.29 
mmol) in THF (1.5 mL) was added TBAF solution (1.0 M in THF, 0.6 mL, 0.6 mL). After stirring 
for 18 h at room temperature, the mixture was diluted with saturated aqueous solution of NH4Cl 
and extracted with EtOAc (3 × 10 mL). The combined organic layers were washed with brine, 
dried over Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc = 10:1 to 5:1) to give alcohol 56 (41.5 mg, 0.25 mmol, 
87%) as a colorless oil: The analytical data are identical with that of enantiomer, except for the 
specific rotation.  
 
 
(S,1E,5Z,8E)-6-methyl-1-(tributylstannyl)deca-1,5,8-trien-4-ol ((S)-4): To a degassed 
solution of alcohol 56 (41.5 mg, 0.25 mmol) in THF (1 mL) was added Pd(PPh3)4 (18.1 mg, 15.7 
µmol) and Bu3SnH (0.1 mL, 0.37 mmol). After stirring at 0˚C for 30 min, the solvent was removed 
in vacuo. The residue was purified by column chromatography on SiO2 (hexane/EtOAc 20:1 to 











trienoate (49): To a solution of stannane (S)-4 (7.7 mg, 16.9 µmol), carboxylic acid 48 (15.5 mg, 
crude), and PPh3 (7.8 mg, 29.7 µmol) in toluene (0.3 mL) was added 2.2 M solution of DEAD in 
toluene (0.02 mL, 44 µmol). After stirring at room temperature for 16 h, the mixture was diluted 
with EtOAc and H2O and extracted with EtOAc (3 × 10 mL). The combined organic layers were 
washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on SiO2 (hexane/EtOAc 15:1 to 10:1) to give ester 49 (13.6 mg, 10.0 
µmol, 69% in 2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.43 (dt, J = 14.6, 7.8 Hz, 
1H) 5.98 (d, J = 14.6 Hz,1H), 5.97 (d, J = 19.0 Hz, 1H), 5.78 (dt, J = 19.0, 6.3 Hz, 1H), 5.68 (dt, 
J = 14.6, 6.8 Hz, 1H), 5.55 (m, 1H), 5.44 (m, 1H), 5.31−5.25 (m, 2H), 5.11 (d, J = 9.3 Hz, 1H), 
5.11 (d, J = 9.3 Hz, 1H), 4.63 (m, 1H), 4.25 (d, J = 7.8 Hz, 1H), 3.81 (dd, J = 1.0, 11.2 Hz, 1H), 
3.67 (dd, J = 5.4, 11.2 Hz, 1H), 3.52 (s, 3H), 3.44−3.32 (m, 3H), 3.14 (s, 3H), 3.08 (m, 1H), 2.93 
(dd, J = 8.8, 8.8 Hz, 1H), 2.83 (m, 1H), 2.71−2.66 (m, 2H), 2.53−2.41 (m, 3H), 2.37−2.29 (m, 
2H), 2.13 (m, 1H), 2.03−1.97 (m, 2H), 1.67−1.41 (m, 15H), 1.35−1.21 (m, 9H), 1.00−0.80 (m, 
27H), 0.71−0.59 (m, 21H); 13C NMR (100 MHz, CDCl3) δ 169.6, 145.0, 143.6, 139.6, 133.8, 
133.8, 133.5, 132.0, 129.5, 128.3, 126.6, 124.0, 98.3, 88.5, 86.7, 77.4, 75.9, 75.7, 73.7, 71.0, 70.4, 
62.4, 61.8, 55.9, 43.7, 41.4, 37.6, 36.1, 31.9, 29.9, 29.3, 29.2, 27.4, 23.4, 20.7, 18.0, 13.9, 11.3, 
9.5, 7.1, 7.0, 5.3, 5.2, 4.7; IR (neat) 2954, 2925, 2875, 2854, 2359, 2340, 1733, 1457, 1417, 1376, 
1338, 1239, 1178, 1151, 1082, 1006, 965, 852, 813, 741, 689, 669 cm−1; HRMS-ESI 















(50): To a degassed solution of ester 49 (13.6 mg, 10.0 µmol) in DMF (6 mL) were added LiCl 
(3.8 mg, 90 µmol) and Pd2(dba)3 (0.6 mg, 0.7 µmol). After being stirred at room temperature for 
4 h, the mixture was diluted by Et2O and H2O and extracted with Et2O (3 × 10 mL). The combined 
organic layers were washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue 
was purified by column chromatography on SiO2 (hexane/EtOAc 15:1 to 10:1) to give 
macrolactone 50 (7.7 mg, 8.1 µmol, 81%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 
6.03−5.89 (m, 2H), 5.59−5.25 (m, 6H), 5.07−5.00 (m, 2H), 4.54 (dt, J = 15.6, 7.8 Hz, 1H), 4.20 
(d, J = 7.8 Hz, 1H), 3.81−3.74 (m, 2H), 3.66−3.55 (m, 1H), 3.52 (s, 3H), 3.38−3.31 (m, 2H), 3.15 
(s, 3H), 3.05 (m, 1H), 2.96−2.09 (m, 2H), 2.75−2.63 (m, 3H), 2.43−2.14 (m, 6H), 1.89−1.81 (m, 
1H), 1.70−1.42 (m, 9H), 1.34−1.17 (m, 1H), 1.08−0.83 (m, 27H), 0.73−0.57 (m, 21H); 13C NMR 
(100 MHz, CDCl3) δ 169.7, 138.7, 136.6, 135.1, 133.7, 132.3, 131.8, 131.3, 130.4, 128.2, 126.9, 
126.6, 123.6, 99.1, 88.2, 87.7, 77.4, 75.6, 74.2, 70.8, 70.4, 62.0, 61.8, 55.4, 41.6, 40.3, 38.0, 36.7, 
35.9, 32.6, 29.9, 23.6, 22.1, 18.0, 10.2, 9.5, 7.1, 7.0, 5.3, 5.2, 4.7; IR (neat) 2953, 2932, 2915, 
2878, 2360, 2342, 1733, 1558, 1540, 1507, 1456, 1088, 1007, 969, 815, 741 cm−1; HRMS-ESI: 
















added 1.8 M solution of AcOH in THF (0.04 mL, 72 µmol) and 1 M solution of TBAF in THF 
(0.06 mL, 60 µmol). The reaction was stirred at room temperature for 11.5 h and added 1 M 
solution of TBAF in THF (0.05 mL, 50 µmol). After stirring at room temperature for 4 h, the 
reaction was quenched by addition of saturated aqueous solution of NH4Cl and extracted with 
EtOAc (3 × 10 mL). The combined organic layers were washed with brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by PTLC on SiO2 [200 × 100 × 0.5, 
CHCl3/MeOH 5:1] to give biselyngbyaside (3.6 mg, 6.0 µmol, 78%) as a colorless oil: 1H NMR 
(400 MHz, CD3OD) δ 6.08−5.98 (m, 2H), 5.59−5.38 (m, 7H), 5.14 (d, J = 8.8 Hz, 1H), 5.12 (d, 
J = 8.8 Hz, 1H), 4.51 (m, 1H), 4.26 (d, J = 6.8 Hz, 1H), 3.86 (dd, J = 2.4, 11.7 Hz, 1H), 3.74 (dd, 
J = 4.6, 11.7 Hz, 1H), 3.64 (s, 3H), 3.47 (m, 1H), 3.45 (dd, J = 9.3, 9.8 Hz, 1H), 3.22 (dd, J = 6.8, 
9.3 Hz, 1H), 3.19 (m, 1H), 3.16 (s, 3H), 3.05 (dd, J = 9.3, 9.3 Hz, 1H), 2.93 (m, 1H), 2.76−2.68 
(m, 2H), 2.57 (dd, J = 8.0, 14.9 Hz, 1H), 2.34−2.23 (m, 6H), 1.97 (m, 1H), 1.68 (s, 3H), 1.65 (d, 
J = 5.9 Hz, 3H), 1.56 (s, 3H), 1.04 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CD3OD) δ 172.1, 
140.1, 138.5, 135.3, 133.3, 133.0, 132.8, 132.1, 131.9, 129.3, 127.9, 127.5, 124.9, 100.9, 89.1, 
87.7, 77.7, 77.4, 74.6, 72.6, 70.7, 62.3, 61.0, 55.6, 43.0, 41.5, 39.6, 36.8, 36.6, 34.0, 23.6, 22.4, 
18.0, 10.1; IR (neat) 2365, 2342, 1559, 1508, 1073 cm−1; HRMS-ESI: Exact mass calcd for 
C34H52O9Na [M+Na]+: 627.3509; found 627.3510; [α]D26.3 −42.9 (c 0.11, CHCl3). 
 
 
(R,Z)-tert-butyl((6-methyl-7-(trityloxy)hept-5-en-1-yn-4-yl)oxy)diphenylsilane (54): To a 
solution of alcohol 13 (42.0 mg, 0.11 mmol) in DMF (0.3 mL) were added Et3N (0.1 mL, 0.72 
mmol), DMAP (3.9 mg, 0.03 mmol) and trityl chloride (113.9 mg, 0.41 mmol). After stirring at 
room temperature for overnight, the reaction mixture was diluted with EtOAc and water and 
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried 
over Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on 
SiO2 (hexane/EtOAc = 10:1) to give trityl ether 54 (75.7 mg, 0.12 mmol, quant) as a colorless oil: 
1H NMR (400 MHz, CDCl3) δ 7.55-7.51 (m, 4H), 7.34-7.18 (m, 21H), 5.34 (brd, J = 8.8 Hz, 1H), 
4.34 (dt, J = 8.8, 5.9 Hz, 1H), 3.17 (brd, J = 11.2 Hz, 1H), 3.01 (brd, J = 11.2 Hz, 1H), 2.27 (dd, 
J = 5.6, 2.4 Hz, 2H), 1.82 (t, J = 2.4 Hz, 1H), 1.69 (s, 3H), 0.99 (s, 9H); 13C NMR (100 MHz, 
CDCl3) δ 144.2, 135.9, 134.8, 134.1, 134.0, 129.8, 129.6, 129.5, 128.8, 127.8, 127.6, 127.4, 126.9, 





1056, 1028, 997, 987, 936, 898, 741, 706, 702, 700, 689 cm-1; HRMS-ESI: Exact mass calcd for 
C43H45O2Si [M+H]+: 621.3189 found 621.3984; [a]D24.3 –4.79 (c 1.07, CHCl3). 
 
 
(R,Z)-6-methyl-7-(trityloxy)hept-5-en-1-yn-4-ol (55): To a solution of trityl ether 54 (75.7 mg, 
0.12 mmol) in THF (1 mL) was added tetrabutylammonium fluoride solution (1 M in THF, 0.3 
mL, 0.3 mmol). After stirring at room temperature for 2.5 h, the reaction mixture was diluted with 
saturated aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The combined organic layers 
were washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified 
by column chromatography on SiO2 (hexane/EtOAc = 10:1 to 4:1) to give alcohol 55 (30.0 mg, 
81.0 µmol, 67%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.42-7.40 (m, 6H), 7.28-7.17 
(m, 9H), 5.36 (brd, J = 8.5 Hz, 1H), 4.20 (m, 1H), 3.62 (d, J = 10.8 Hz, 1H), 3.58 (d, J = 10.8 Hz, 
1H), 2.28 (dd, J = 2.5, 6.1 Hz, 2H), 1.97 (brd, J = 3.6 Hz, OH), 1.94 (t, J = 2.5 Hz, 1H), 1.83 (d, 
J = 1.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.1, 137.7, 129.3, 128.8, 128.0, 127.2, 87.2, 
80.7, 70.6, 66.1, 63.1, 27.6, 22.4; IR (neat) 3295, 3057, 3031, 2961, 1489, 1448, 1219, 1184, 1152, 
1050, 1028, 985, 899, 849, 775, 764, 746, 708 cm-1; HRMS-ESI: Exact mass calcd for C27H27O2 
[M+H]+: 383.2011 found 383.1991; [a]D23.7 +27.2 (c 0.91, CHCl3). 
 
 
(R,1E,5Z)-6-methyl-1-(tributylstannyl)-7-(trityloxy)hepta-1,5-dien-4-ol (56): To a solution 
of alcohol 55 (30.0 mg, 81.0 µmol) in THF (0.5 mL) were added Pd(PPh3)4 (6.0 mg, 5.2 µmol) 
and Bu3SnH (0.04 mL, 149 µmol). After stirring at room temperature for 35 min, the reaction 
mixture was concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc = 15:1) to give stannane 56 (16.2 mg, 24.5 µmol, 30%) as a colorless oil: 1H NMR 
(400 MHz, CDCl3) δ 7.45-7.39 (m, 6H), 7.23-7.15 (m, 9H), 5.94 (d, J = 19.0 Hz, 1H), 5.77 (dt, J 
= 19.0, 6.8 Hz, 1H), 5.29 (d, J = 8.8 Hz, 1H), 4.07 (m, 1H), 3.58 (s, 2H), 2.25-2.19 (m, 2H), 1.83 
(s, 3H), 1.66 (d, J = 2.9 Hz, OH), 1.47-1.39 (m, 6H), 1.29-1.20 (m, 6H), 0.89-0.75 (m, 15H); 13C 
NMR (100 MHz, CDCl3) δ 144.6, 144.2, 136.0, 132.8, 130.8, 128.8, 128.0, 127.1, 87.0, 66.8, 







1597, 1489, 1448, 1375, 1051, 1028, 987, 762, 745, 705, 674, 648, 631 cm-1; HRMS-ESI: Exact 





dimethyltrideca-4,8,12-trienoate (65): To a solution of stannane 56 (6.4 mg, 9.7 µmol) and 
carboxylic acid 36 (5.3 mg, 10.1 µmol) in CH2Cl2 (0.15 mL) were added MNBA (7.5 mg, 21.8 
µmol), Et3N (0.01 mL, 72.0 µmol) and DMAP (1.4 mg, 11.5 µmol). After stirring at room 
temperature for 4 h, the reaction mixture was diluted with EtOAc and saturated aqueous NH4Cl 
and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, 
dried over Na2SO4 and concentrated in vacuo. The residue was purified by PTLC on SiO2 (200 x 
100 x 0.5, hexane/EtOAc = 10:1) to give ester 65 (8.2 mg, 7.0 µmol, 72%) as a colorless oil: 1H 
NMR (400 MHz, CDCl3) δ 7.47-7.45 (m, 6H), 7.31-7.20 (m, 9H), 6.43 (dt, J = 14.7, 7.3 Hz, 1H), 
5.98 (d, J = 14.7 Hz, 1H), 5.90 (d, J = 18.6 Hz, 1H), 5.72 (dt, J = 18.6, 6.4 Hz, 1H), 5.54 (m, 1H), 
5.30 (m, 1H), 5.21 (d, J = 9.3 Hz, 1H), 5.10 (d, J = 9.3 Hz, 1H), 4.50 (m, 1H), 3.72 (d, J = 10.7 
Hz, 1H), 3.60 (d, J = 10.7 Hz, 1H), 3.35 (t, J = 6.8 Hz, 1H), 3.13 (s, 3H), 2.51 (m, 1H), 2.43-2.25 
(m, 5H), 2.15-1.95 (m, 3H), 1.82 (s, 3H), 1.52 (d, J = 1.0 Hz, 3H), 1.49-1.37 (m, 6H), 1.32-1.19 
(m, 6H), 0.97 (d, J = 6.8 Hz, 3H), 0.89-0.71 (m, 24H), –0.01 (s, 3H), –0.03 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 170.2, 145.0, 144.3, 143.4, 137.0, 134.3, 133.9, 133.5, 132.0, 129.0, 128.9, 
127.9, 127.5, 127.0, 126.4, 87.1, 86.8, 75.7, 70.6, 70.2, 62.7, 55.8, 44.1, 43.6, 37.1, 31.9, 29.2, 
27.4, 25.9, 22.5, 20.7, 18.2, 13.9, 11.1, 9.5, –4.1, –4.8; IR (neat) 2954, 2926, 2854, 1735, 1598, 
1489, 1449, 1375, 1249, 1181, 1156, 1096, 1067, 1029, 956, 835, 810, 744, 706, 667, 631 cm-1; 
HRMS-ESI: Exact mass calcd for C61H91IO5SiSnNa [M+Na]+: 1201.4600 found 1201.4626; 












To a degassed solution of ester 65 (8.2 mg, 7.0 µmol) in DMF (2.5 mL) were added lithium 
chloride (8.8 mg, 0.21 mmol) and tris(dibenzilideneacetone)dipalladium (0.6 mg, 0.7 µmol). After 
stirring at room temperature for 9 h, the reaction mixture was diluted with Et2O and water and 
extracted with Et2O (3 x 10 mL). The combined organic layers were washed with brine, dried 
over Na2SO4 and concentrated in vacuo. The residue was purified by PTLC on SiO2 (200 x 100 x 
0.5, hexane/EtOAc = 10:1) to give macrolactone S4 (4.0 mg, 5.3 µmol, 75%) as a colorless oil: 
1H NMR (400 MHz, CDCl3) δ 7.47-7.45 (m, 6H), 7.31-7.20 (m, 9H), 6.04-5.93 (m, 2H), 5.47-
5.33 (m, 3H), 5.26 (ddd, J = 6.4, 8.8, 15.1 Hz, 1H), 5.14 (d, 9.3 Hz, 1H), 5.05-4.99 (m, 2H), 4.28 
(ddd, J = 4.3, 8.3, 12.2 Hz, 1H), 3.82 (d, J = 11.2 Hz, 1H), 3.59 (d, J = 11.2 Hz, 1H), 3.32 (dd, J 
= 5.9, 9.3 Hz, 1H), 3.15 (s, 3H), 2.67 (m, 1H), 2.35-2.14 (m, 8H), 1.82 (brs, 3H), 1.56 (d, J = 1.0 
Hz, 3H), 1.01 (d, J = 6.8 Hz, 3H), 0.84 (s, 9H), –0.02 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 
170.1, 144.3, 137.0, 136.8, 134.7, 134.1, 132.6, 131.9, 130.9, 128.9, 127.9, 127.6, 127.1, 126.9, 
126.7, 87.9, 86.9, 77.4, 72.8, 70.1, 63.0, 55.4, 45.1, 40.4, 38.9, 35.7, 32.8, 26.0, 22.2, 18.2, 10.0, 
–3.8, –4.3; IR (neat) 2951, 2926, 2855, 2362, 2343, 1741, 1489, 1448, 1374, 1251, 1094, 1060, 
1024, 985, 835, 775, 745, 706, 668 cm-1; HRMS-ESI: Exact mass calcd for C49H64O5SiNa 




methoxy-9,11-dimethyloxacyclooctadeca-5,9,13,15-tetraen-2-one (51): To a solution of 
macrolactone S4 (4.0 mg, 5.3 µmol) in Et2O (0.3 mL) was added the mixture of water/formic acid 








with saturated aqueous NaHCO3 and extracted with Et2O (3 x 10 mL). The combined organic 
layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue was 
purified by PTLC on SiO2 (200 x 100 x 0.5, hexane/EtOAc = 1:1) to give biselyngbyolide 
derivative 51 (1.3 mg, 3.2 µmol, 61%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.09 (m, 
1H), 5.99 (m, 1H), 5.59-5.43 (m, 4H), 5.36 (ddd, J = 5.8, 9.2, 14.8 Hz, 1H), 5.19 (d, J = 9.7 Hz, 
1H), 5.03 (brd, J = 11.0 Hz, 1H), 4.48 (dd, J = 3.1, 13.2 Hz, 1H), 4.33 (m, 1H), 3.86 (dd, J = 8.5, 
12.3 Hz, 1H), 3.38 (dd, J = 5.6, 12.3 Hz, 1H), 3.14 (s, 3H), 2.78 (m, 1H), 2.62 (m, OH), 2.43-2.22 
(m, 6H), 1.94 (m, OH), 1.82 (d, J = 1.4 Hz, 3H), 1.54 (d, J = 1.4 Hz, 3H), 1.01 (d, J = 6.7 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 140.8, 137.1, 134.5, 133.9, 132.8, 131.8, 130.2, 126.5, 
125.3, 121.9, 87.9, 71.7, 70.5, 62.1, 55.5, 43.6, 40.2, 39.1, 34.9, 33.1, 22.5, 22.2, 9.9; IR (neat) 
2921, 2852, 2359, 2340, 963 cm-1; HRMS-ESI: Exact mass calcd for C24H36O5Na [M+Na]+: 
427.2460 found 427.2503; [a]D26.9 – 44.9 (c 0.07, CHCl3).  
 
 
(R,Z)-((7-azido-6-methylhept-5-en-1-yn-4-yl)oxy)(tert-butyl)diphenylsilane (57): To a 
solution of alcohol 13 (43.3 mg, 0.11 mmol) in DMF (0.3 mL) were added DPPA (0.03 mL, 0.14 
mmol) and DBU (0.03 mL, 0.20 mmol). After stirring at room temperature for 11 h, the reaction 
mixture was diluted with saturated aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The 
combined organic layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. 
The residue was purified by column chromatography on SiO2 (hexane/EtOAc = 2:1) to give azide 
57 (34.7 mg, 86.0 µmol, 78%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.69-7.62 (m, 
4H), 7.46-7.35 (m, 6H), 5.46 (d, J = 8.8 Hz, 1H), 4.47 (m, 1H), 3.39 (d, J = 13.7 Hz, 1H), 3.09 
(d, J = 13.7 Hz, 1H), 2.45 (ddd, J = 2.4, 4.9, 16.1 Hz, 1H), 2.38 (ddd, J = 2.4, 6.8, 16.1 Hz, 1H), 
1.94 (dd, J = 2.4, 2.4 Hz, 1H), 1.66 (s, 3H), 1.05 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 136.0, 
136.0, 133.8, 133.7, 131.8, 131.8, 130.0, 129.9, 127.8, 127.6, 80.7, 70.5, 68.1, 51.3, 28.7, 27.0, 
21.8, 19.4; IR (neat) 3307, 3071, 3049, 2997, 2958, 2932, 2894, 2857, 2096, 1427, 1267, 1110, 
1071, 822, 740. 702 cm-1; HRMS-ESI: Exact mass calcd for C24H30N3OSi [M+H]+: 404.2158 






(R,Z)-N-(4-((tert-butyldiphenylsilyl)oxy)-2-methylhept-2-en-6-yn-1-yl)acetamide (58): To a 
solution of azide 57 (36.7 mg, 90.0 µmol) in THF (1 mL) and H2O (0.05 mL) was added PPh3 
(29.8 mg, 114 µmol). After stirring at 50˚C for 4 h, the reaction mixture was concentrated in vacuo. 
The residue was dissolved in pyridine (0.3 mL) and added acetic anhydride (0.02 mL, 212 µmol). 
After stirring at room temperature for 13 h, the reaction mixture was diluted with water and 
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with 1 M aqueous 
HCl, saturated aqueous NaHCO3 and brine, dried over Na2SO4 and concentrated in vacuo. The 
residue was purified by column chromatography on SiO2 (hexane/EtOAc = 2:1 to 1:1) to give 
amide 58 (33.0 mg, 78.6 µmol, 87%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.70-7.63 
(m, 4H), 7.48-7.37 (m, 6H), 5.32 (brd, J = 9.3 Hz, 1H), 4.57 (brs, NH), 4.52 (m, 1H), 3.43 (dd, J 
= 6.3, 14.1 Hz, 1H), 3.27 (dd, J = 4.9, 14.1 Hz, 1H), 2.53 (ddd, J = 2.9, 4.9, 16.6 Hz, 1H), 2.40 
(ddd, J = 2.9, 8.3, 16.6 Hz, 1H), 1.95 (dd, J = 2.9, 2.9 Hz, 1H), 1.77 (s, 3H), 1.54 (d, J =1.0 Hz, 
3H), 1.03 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 169.7, 136.2, 136.0, 134.1, 134.0, 133.6, 130.7, 
130.1, 129.9, 127.9, 127.6, 81.5, 70.2, 68.3, 39.5, 28.5, 26.9, 23.3, 21.5, 19.4; IR (neat) 3409, 
3292, 3071, 3047, 2960, 2931, 2892, 2857, 1650, 1556, 1538, 1472, 1427, 1372, 1284, 1111, 
1070, 1027, 822, 739, 702, 647, 611 cm-1; HRMS-ESI: Exact mass calcd for C26H33NO2SiNa 
[M+Na]+: 442.2178 found 442.2187; [a]D24.2 +26.8 (c 0.57, CHCl3).  
 
 
(R,Z)-N-(4-hydroxy-2-methylhept-2-en-6-yn-1-yl)acetamide (59): To a solution of amide 58 
(27.5 mg, 78.6 µmol) in THF (0.2 mL) was added 1 M solution of TBAF in THF (0.1 mL, 0.1 
mmol). After stirring at room temperature for 13 h, the reaction mixture was diluted with saturated 
aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed 
with brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc = 1:1 to chloroform/MeOH = 10:1) to give alcohol 59 










(brd, J = 8.3 Hz, 1H), 4.66 (dt, J = 7.8, 6.4 Hz, 1H), 4.23 (dd, J = 5.9, 14.1 Hz, 1H), 3.53 (dd, J = 
6.4, 14.1 Hz, 1H), 2.49 (ddd, J = 2.4, 6.4, 16.6 Hz, 1H), 2.42 (ddd, J = 2.4, 6.4, 16.6 Hz, 1H), 
2.02 (t, J = 2.4 Hz, 1H), 1.98 (s, 3H), 1.75 (d, J = 1.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
170.9, 135.9, 130.5, 81.1, 70.4, 65.6, 40.9, 27.1, 23.4, 22.0; IR (neat) 3290, 3095, 2972, 2919, 
1647, 1557, 1435, 1375, 1289, 1040, 646 cm-1; HRMS-ESI: Exact mass calcd for C10H15NO2Na 




To a solution of amide 59 (11.3 mg, 62.3 µmol) in THF (0.4 mL) were added Pd(PPh3)4 (5.4 mg, 
4.7 µmol) and Bu3SnH (0.03 mL, 112 µmol). After stirring at 0˚C for 30 min, the reaction mixture 
was concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc = 1:1 to 1:2) to give stannane 60 (10.4 mg, 22.0 µmol, 35%) as a colorless oil: 1H 
NMR (400 MHz, CDCl3) δ 6.04 (d, J = 19.0 Hz, 1H), 5.93 (dt, J = 19.0, 6.4 Hz, 1H), 5.81 (brs, 
NH), 5.40 (brd, J = 8.3 Hz, 1H), 4.52 (ddd, J = 6.4, 6.8, 7.3 Hz, 1H), 4.17 (dd, J = 5.4, 14.1 Hz, 
1H), 3.59 (dd, J = 6.4, 14.1 Hz, 1H), 3.13 (brs, OH), 2.41-2.38 (m, 2H), 1.98 (s, 3H), 1.74 (s, 3H), 
1.54-1.42 (m, 6H), 1.34-1.25 (m, 6H), 0.95-0.79 (m, 15H); 13C NMR (100 MHz, CDCl3) δ 170.5, 
144.7, 134.8, 132.6, 131.7, 66.4, 46.1, 40.1, 29.2, 27.4, 23.4, 22.1, 13.9, 9.6; IR (neat) 3287, 2955, 
2924, 2871, 2852, 2359, 2339, 1651, 1557, 1540, 1507, 1455, 1375, 1289 cm-1; HRMS-ESI: Exact 



















dimethyltrideca-4,8,12-trienoate (66): To a solution of stannane 60 (6.8 mg, 14.4 µmol) and 
carboxylic acid 36 (8.5 mg, 16.3 µmol) in CH2Cl2 (0.15 mL) were added MNBA (11.4 mg, 33.1 
µmol), Et3N (0.01 mL, 72.1 µmol) and DMAP (0.4 mg, 3.3 µmol). After stirring at room 
temperature for 3 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and 
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried 
over Na2SO4 and concentrated in vacuo. The residue was purified by PTLC on SiO2 (200 x 100 x 
0.5, hexane/EtOAc = 1:1) to give ester 66 (9.0 mg, 9.2 µmol, 64%) as a colorless oil: 1H NMR 
(400 MHz, CDCl3) δ 6.64 (m, NH), 6.43 (dt, J = 14.7, 7.3 Hz, 1H), 6.02 (d, J = 18.6 Hz, 1H), 
5.98 (d, J = 14.7 Hz, 1H), 5.80 (dt, J = 18.6, 6.4 Hz, 1H), 5.58 (m, 1H), 5.48 (m, 1H), 5.33 (m, 
1H), 5.13-5.10 (m, 2H), 4.56 (m, 1H), 4.05 (dd, J = 9.3, 14.1 Hz, 1H), 3.72 (dd, J = 2.0, 14.1 Hz, 
1H), 3.37 (dd, J = 6.8, 6.8 Hz, 1H), 3.14 (s, 3H), 2.54- 2.46 (m, 3H), 2.42 (m, 3H), 2.17-2.02 (m, 
2H), 1.99 (s, 3H), 1.72 (d, J = 1.5 Hz, 3H), 1.53 (d, J = 1.0 Hz, 3H), 1.49-1.43 (m, 6H), 1.34-1.25 
(m, 7H), 0.98 (d, J = 6.4 Hz, 3H), 0.90-0.77 (m, 24H), 0.02 (s, 3H), 0.02 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 171.7, 170.3, 145.1, 142.7, 137.2, 134.2, 134.0, 133.5, 133.1, 127.9, 126.8, 87.1, 
75.6, 71.8, 70.7, 55.8, 44.3, 43.6, 43.0, 39.7, 37.1, 31.9, 29.2, 27.4, 25.9, 23.5, 22.8, 20.8, 18.2, 
13.9, 11.1, 9.6, -3.9, -4.8; IR (neat) 3307, 2955, 2926, 2854, 2350, 2339, 1730, 1681, 1659, 1650, 
1538, 1455, 1373, 1251, 1097, 957, 836, 777, 666 cm-1; HRMS-ESI: Exact mass calcd for 





To a degassed solution of ester 66 (9.0 mg, 9.2 µmol) in DMF (4 mL) was added LiCl (3.7 mg, 
87.3 µmol) and Pd2(dba)3 (0.6 mg, 0.7 µmol). After stirring at room temperature for 4.5 h, the 
reaction mixture was diluted with water and extracted with Et2O (3 x 10 mL). The combined 
organic layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue 
was purified by PTLC on SiO2 (200 x 100 x 0.5, hexane/EtOAc = 1:1) to give macrolactone S5 







1H), 6.00 (m, 1H), 5.51-5.42 (m, 3H), 5.29 (ddd, J = 4.9, 8.8, 14.7 Hz, 1H), 5.12-5.11 (m, 2H), 
5.01 (d, J = 9.3 Hz, 1H), 4.33 (ddd, J = 3.9, 3.9, 8.8 Hz, 1H), 4.04 (dd, J = 8.3, 13.7 Hz, 1H), 3.76 
(brd, J = 13.7 Hz, 1H), 3.33 (dd, J = 4.9, 9.8 Hz, 1H), 3.16 (s, 3H), 2.71 (m, 1H), 2.39- 2.21 (m, 
6H), 1.99 (s, 3H), 1.74 (s, 3H), 1.57 (s, 3H), 1.40-1.19 (m, 2H), 1.02 (d, J = 6.8 Hzm 3H), 0.85 
(s, 9H), 0.01 (s, 3H), 0.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.5, 170.6, 137.2, 136.9, 
134.6, 134.4, 133.1, 131.8, 130.8, 128.2, 126.8, 126.2, 87.8, 73.6, 70.9, 55.4, 45.7, 40.4, 39.8, 
38.6, 35.5, 32.8, 25.9, 23.4, 23.0, 22.2, 17.7, 13.8, 9.9, -3.6, -4.2; IR (neat) 3306, 2957, 2926, 
2855, 2350, 2319, 1731, 1650, 1538, 1454, 1372, 1276, 1251, 1020, 969, 834, 779 cm-1; HRMS-
ESI: Exact mass calcd for C32H53NO5SiNa [M+Na]+: 582.3636 found 582.3578; [a]D23.8 +9.3 (c 




oxooxacyclooctadeca-4,6,10,14-tetraen-2-yl)-2-methylallyl)acetamide (52): To a solution of 
macrolactone S5 (3.7 mg, 6.6 µmol) in THF (0.1 mL) was added AcOH (0.01 mL) and 1 M 
solution of TBAF in THF (0.1 mL, 0.1 mmol). After stirring for at 50˚C for 5.5 h, the reaction 
mixture was diluted with saturated aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The 
combined organic layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. 
The residue was purified by PTLC on SiO2 (200 x 100 x 0.5, chloroform/MeOH = 10:1) to give 
biselyngbyolide derivative 52 (3.1 mg, 7.0 µmol, quant) as a colorless oil: 1H NMR (400 MHz, 
CDCl3) δ 6.46 (m, NH), 6.10 (m, 1H), 5.99 (m, 1H), 5.52-5.44 (m, 3H), 5.40-5.33 (m, 2H), 5.18 
(d, J = 9.8 Hz, 1H), 5.03 (d, J = 9.3 Hz, 1H), 4.34 (m, 1H), 4.12 (dd, J = 8.8, 13.7 Hz, 1H), 3.77 
(dd, J = 2.9, 13.7 Hz, 1H), 3.37 (dd, J = 5.4, 10.2 Hz, 1H), 3.15 (s, 3H), 2.62 (m, 1H), 2.44-2.22 
(m, 8H), 1.98 (s, 3H), 1.75 (brs, 3H), 1.54 (brs, 3H), 1.01 (d, J = 6.8 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 172.2, 170.4, 138.1, 137.2, 134.5, 134.0, 132.8, 131.7, 130.3, 130.1, 126.4, 126.3, 
87.9, 71.8, 70.9, 55.5, 43.5, 40.8, 39.6, 39.0, 34.9, 33.1, 23.5, 22.7, 22.5, 9.9; IR (neat) 3289, 2928, 
2865, 2358, 2326, 1731, 1712, 1651, 1557, 1540, 1455, 1373, 1274, 967 cm-1; HRMS-ESI: Exact 









(R,Z)-4-((tert-butyldiphenylsilyl)oxy)-2-methylhept-2-en-6-ynal (61): To a solution of 
alcohol 13 (40.4 mg, 0.11 mmol) in CH2Cl2 were added TEMPO (2.1 mg, 13.4 µmol) and BAIB 
(46.6 mg, 0.14 mmol). After stirring at room temperature for 1 h, the reaction mixture was added 
another portion of TEMPO (1.6 mg, 10.2 µmol) and BAIB (47.4 mg, 0.15 mmol). The mixture 
was stirred at room temperature for 1.5 h, diluted with saturated aquesous Na2S2O3 and extracted 
with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried over 
Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on SiO2 
(hexane/EtOAc = 20:1) to give aldehyde 61 (31.5 mg, 83.6 µmol, 76%) as a colorless oil: 1H 
NMR (400 MHz, CDCl3) δ 9.42 (s, 1H), 7.66-7.60 (m, 4H), 7.47-7.33 (m, 6H), 6.31 (dd, J = 1.5, 
9.8 Hz, 1H), 5.14 (ddd, J = 4.9, 8.3, 9.8 Hz, 1H), 2.58 (ddd, J = 2.4, 4.9, 16.6 Hz, 1H), 2.46 (ddd, 
J = 2.9, 8.3, 16.6 Hz, 1H), 1.94 (dd, J = 2.4, 2.9 Hz, 1H), 1.64 (d, J = 1.5 Hz, 3H), 1.07 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ 190.8, 147.2, 147.2, 136.3, 135.9, 135.9, 133.1, 130.3, 130.3, 
128.0, 127.9, 79.7, 71.7, 66.3, 28.3, 27.0, 19.3, 16.2; IR (neat) 3288, 3070, 3051, 2955, 2931, 
2892, 2857, 1683, 1472, 1427, 1391, 1362, 1328, 1110, 1073, 1027, 934, 822, 792, 739, 701, 648, 
613 cm-1; HRMS-ESI: Exact mass calcd for C24H29O2Si [M+H]+: 377.1937 found 377.1962; 
[a]D25.3 +6.5 (c 0.50, CHCl3).  
 
 
(R,Z)-4-((tert-butyldiphenylsilyl)oxy)-N-ethyl-2-methylhept-2-en-6-ynamide (62): To a 
solution of aldehyde 61 (31.5 mg, 83.6 µmol) in tBuOH (0.5 mL) and 2-Me-2-butene (0.5 mL) 
were added 1 M aqueous NaH2PO4 (0.6 mL) and 1 M aqueous NaClO4 (0.3 mL). After stirring at 
room temperature for 16 h, the reaction mixture was diluted with water and extracted with EtOAc 
(3 x 10 mL). The combined organic layers were washed with brine, dried over Na2SO4 and 
concentrated in vacuo. The residue was dissolved in DMF (0.3 mL) and added EtNH2•HCl (10.5 
mg, 129 µmol), HATU (46.6 mg, 123 µmol) and iPr2NEt (0.06 mL, 344 µmol). After stirring at 








(3 x 10 mL). The combined organic layers were washed with 1 M aqueous HCl, saturated aqueous 
NaHCO3 and brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified by 
column chromatography on SiO2 (hexane/EtOAc = 3:1 to 2:1) to give amide 62 (28.6 mg, 68.2 
µmol, 82% in 2 steps) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 7.69-7.63 (m, 4H), 7.45-
7.35 (m, 6H), 5.56 (dd, J = 1.5, 9.3 Hz, 1H), 5.28 (brs, NH), 4.70 (dt, J = 9.3, 6.4 Hz, 1H), 3.04 
(m, 1H), 2.94 (m, 1H), 2.46 (dd, J = 2.4, 6.4 Hz, 2H), 2.00 (t, J = 2.4 Hz, 1H), 1.79 (d, J = 1.5 Hz, 
3H), 1.04 (s, 9H), 0.83 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 168.5, 136.1, 136.0, 
134.0, 133.9, 133.7, 133.3, 130.0, 129.9, 127.8, 127.8, 81.5, 70.8, 69.0, 34.0, 28.3, 27.0, 20.8, 
19.4, 14.6; IR (neat) 3390, 3307, 3071, 3047, 2955, 2930, 2892, 2857, 2357, 1667, 1633, 1520, 
1471, 1455, 1427, 1360, 1252, 1109, 1071, 822, 740, 702, 623, 613 cm-1; HRMS-ESI: Exact mass 
calcd for C26H34NO2Si [M+H]+: 420.2359 found 420.2357; [a]D26.4 +23.6 (c 0.25, CHCl3).  
 
 
(R,Z)-N-ethyl-4-hydroxy-2-methylhept-2-en-6-ynamide (63): To a solution of amide 62 (28.6 
mg, 68.2 µmol) in THF (0.3 mL) was added 1 M solution of TBAF in THF (0.1 mL, 0.1 mmol). 
After stirring at room temperature for 11 h, the reaction mixture was diluted with saturated 
aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The combined organic layers were washed 
with brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified by column 
chromatography on SiO2 (hexane/EtOAc = 1:1 to chloroform/MeOH = 10:1) to give alcohol 63 
(12.2 mg, 67.3 µmol, 99%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.23 (brs, NH), 5.78 
(dd, J = 1.0, 7.3 Hz, 1H), 4.55 (dt, J = 6.6, 7.3 Hz, 1H), 3.94 (brs, OH), 3.39-3.32 (m, 2H), 2.52-
2.47 (m, 2H), 2.06 (t, J = 2.9 Hz, 1H), 1.95 (d, J = 1.0 Hz, 3H), 1.18 (t, J = 7.3 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ 169.0, 136.2, 135.1, 80.8, 71.0, 66.6, 34.6, 26.7, 20.9, 14.8; IR (neat) 3290, 
2975, 2921, 2853, 2362, 2344, 1653, 1617, 1558, 1541, 1508, 1489, 1473, 1456, 1437, 1375, 
1339, 1257, 1219, 1147, 1037, 1004, 772, 689, 668, 649, 629 cm-1; HRMS-ESI: Exact mass calcd 









(R,2Z,6E)-N-ethyl-4-hydroxy-2-methyl-7-(tributylstannyl)hepta-2,6-dienamide (64): To a 
solution of alcohol 13 (12.2 mg, 67.3 µmol) in THF (0.4 mL) were added Bu3SnH (0.03 mL, 112 
µmol) and Pd(PPh3)4 (7.3 mg, 6.3 µmol). After stirring at room temperature for 45 min, the 
reaction mixture was concentrated in vacuo. The residue was purified by column chromatography 
on SiO2 (hexane/EtOAc = 3:1 to 2:1) to give stannane 64 (9.8 mg, 20.7 µmol, 31%) as a colorless 
oil: 1H NMR (400 MHz, CDCl3) δ 6.19 (brs, NH), 6.07 (d, J = 19.0 Hz, 1H), 5.94 (dt, J = 19.0, 
6.4 Hz, 1H), 5.70 (dd, J = 1.5, 7.3 Hz, 1H), 4.44 (dt, J = 6.4, 7.3 Hz, 1H), 3.40-3.33 (m, 2H), 3.25 
(brs, OH), 2.50- 2.37 (m, 2H), 1.93 (d, J = 1.5 Hz, 3H), 1.56-1.38 (m, 6H), 1.34-1.25 (m, 6H), 
1.18 (t, J = 7.3 Hz, 3H), 0.96-0.79 (m, 15H); 13C NMR (100 MHz, CDCl3) δ 169.0, 144.2, 137.1, 
134.7, 133.5, 67.1, 45.7, 34.6, 29.2, 27.4, 26.9, 14.9, 13.9, 9.6; IR (neat) 3306, 2956, 2824, 2871, 
2852, 2359, 2339, 1614, 1538, 1455, 1375, 1292, 1252, 1038, 994, 866 cm-1; HRMS-ESI: Exact 





dimethyltrideca-4,8,12-trienoate (67): To a solution of stannane 64 (5.4 mg, 11.4 µmol) and 
carboxylic acid 36 (5.5 mg, 10.5 µmol) in CH2Cl2 (0.15 mL) were added MNBA (7.4 mg, 21.5 
µmol), Et3N (0.01 mL, 72.0 µmol) and DMAP (0.6 mg, 4.9 µmol). After stirring at room 
temperature for 3 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and 
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine, dried 
over Na2SO4 and concentrated in vacuo. The residue was purified by PTLC on SiO2 (200 x 100 x 















(400 MHz, CDCl3) δ 6.45 (dt, J = 14.7, 7.8, 1H), 6.14-5.80 (m, 3H), 5.58 (m, 1H), 5.50 (m, 1H), 
5.37 (m, 1H), 5.28 (dd, J = 1.5, 9.8 Hz, 1H), 5.12 (brd, J = 9.3 Hz, 1H), 4.57 (m, 1H), 3.40-3.31 
(m, 3H), 3.15 (s, 3H), 2.56-2.29 (m, 7H), 1.93 (t, J = 2.0 Hz, 3H), 1.91 (d, J = 1.5 Hz, 3H), 1.55 
(d, J = 1.5 Hz, 3H), 1.53-1.43 (m, 6H), 1.35-1.27 (m, 6H), 1.20 (t, J = 6.8 Hz, 3H), 1.00 (d, J = 
6.8 Hz, 3H), 0.94-0.81 (m, 24H), 0.04 (s, 3H), 0.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 
168.6, 148.5, 145.1, 142.5, 136.9, 134.1, 133.6, 133.0, 128.0, 127.4, 87.1, 80.5, 75.6, 73.2, 70.6, 
55.8, 44.0, 43.6, 43.0, 37.1, 34.2, 31.9, 29.2, 27.4, 25.9, 21.4, 20.8, 18.2, 14.6, 13.9, 9.6, -3.9, -
4.9; IR (neat) 3343, 2955, 2926, 2854, 2366, 2344, 1763, 1718, 1671, 1647, 1541, 1508, 1457, 
1375, 1249, 1183, 1094, 961, 835 cm-1; HRMS-ESI: Exact mass calcd for C44H81INO5SiSn 





To a degassed solution of ester 67 (4.9 mg, 5.0 µmol) in DMF (2 mL) were added LiCl (3.7 mg, 
87.3 µmol) and Pd2(dba)3 (0.5 mg, 0.5 µmol). After stirring at room temperature for 8 h, the 
reaction mixture was diluted with water and extracted with Et2O (3 x 10 mL). The combined 
organic layers were purified by PTLC on SiO2 (200 x 100 x 0.5, hexane/EtOAc = 1:1) to give 
macrolactone S6 (2.4 mg, 4.3 µmol, 86%) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.11 
(m, 1H), 6.00 (m, 1H), 5.50-5.40 (m, 3H), 5.31-5.20 (m, 2H), 5.08 (ddd, J = 2.9, 9.8, 9.8 Hz, 1H), 
5.01 (brd, J = 9.3 Hz, 1H), 4.35 (ddd, J = 3.9, 7.8, 7.8 Hz, 1H), 3.40-3.29 (m, 3H), 3.16 (s, 3H), 
2.70 (m, 1H), 2.39- 2.21 (m, 8H), 1.91 (d, J = 1.5 Hz, 3H), 1.57 (brs, 3H), 1.19 (t, J = 7.3 Hz, 
3H), 1.02 (d, J = 6.8 Hz, 3H), 0.85 (s, 9H), 0.00 (s, 3H), -0.01 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 172.2, 169.0, 137.3, 137.2, 134.8, 134.3, 133.3, 131.7, 130.8, 128.5, 127.1, 125.8, 87.7, 
74.0, 72.3, 55.3, 45.7, 40.4, 39.0, 35.3, 34.2, 32.9, 25.9, 22.3, 21.4, 18.2, 14.5, 9.9, -3.5, -4.2; IR 
(neat) 2951, 2927, 2853, 2358, 2338, 1731, 1651, 1540, 1455, 1253, 969, 835 cm-1; HRMS-ESI: 











oxooxacyclooctadeca-4,6,10,14-tetraen-2-yl)-2-methylacrylamide (53): To a solution of 
macrolactone S6 (2.4 mg, 4.3 µmol) in THF (0.2 mL) were added AcOH (0.01 mL) and 1 M 
solution of TBAF in THF (0.1 mL, 0.1 mmol). After stirring at 50˚C for 8 h, the reaction mixture 
was diluted with saturated aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The combined 
organic layers were washed with brine, dried over Na2SO4 and concentrated in vacuo. The residue 
was purified by PTLC on SiO2 (200 x 100 x 0.5, hexane/EtOAc = 1:2) to give biselyngbyolide 
derivative 53 (1.9 mg, 4.3 µmol, quant) as a colorless oil: 1H NMR (400 MHz, CDCl3) δ 6.08 (m, 
1H), 5.98 (m, 1H), 5.52-5.29 (m, 6H), 5.02 (brd, J = 9.8 Hz, 1H), 4.36 (m, 1H), 3.40-3.32 (m, 
3H), 3.16 (s, 3H), 2.63 (m, 1H), 2.47-2.22 (m, 8H), 1.93 (d, J = 1.0 Hz, 3H), 1.57 (s, 3H), 1.55 
(d, J = 1.0 Hz, 3H), 1.20 (t, J = 7.3 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 172.4, 168.7, 137.3, 137.2, 134.8, 134.1, 132.8, 131.8, 130.2, 127.6, 126.2, 88.0, 72.5, 71.6, 
55.5, 43.5, 40.8, 39.2, 35.0, 34.5, 33.1, 22.5, 21.5, 14.7, 10.0; IR (neat) 2950, 2897, 2875, 2817, 
2369, 2350, 2324, 1723, 1671, 1635, 1539, 969 cm-1; HRMS-ESI: Exact mass calcd for 












HeLa cells were cultured at 37˚C with 5% CO2 in DMEM (Nissui) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS), 100 units/mL penicillin, 100 µg/mL streptomycin, 0.25 
µg/mL amphotericin, 300 µg/mL L-glutamine, and 2.25 mg/mL NaHCO3. HeLa cells were seeded 
at 2 x 104 cells/well in 96-well plates (Iwaki) and cultured overnight. Various concentrations of 
compounds were then added, and cells were incubated for 72 h. Cell proliferation was measured 
by the MTT assay. Adriamycin was used as positive control (IC50 value 0.5 µM(HeLa cells)). 
100 µL of MRC-5 cell suspention was added in 96-well plate at 1 x 103 cells/well, and 
cultivated for 24 h. Then 90 µL of standard culture medium (MEM+ 10% FCS) with or without 
10 µL of test compound solutions, which were dissolved in 25% or 5% DMSO were added to 
each well. The cultures were further incubated at 37˚C under 5% CO2 - 95% air for 7 days, and 
20 µL of MTT-PBS sultion (5 mg/mL) was added to each well. The plate was then incubated at 
37˚C for 4 h under 5% CO2 - 95% air. Then the incubation medium was aspirated and 100 µL of 
DMSO was added to solubilize the MTT formazan product. After mixing, absorbance at 540 nm 
was measured with iEMS microplate reader MF. 
Cultured P. Falciparum (chloroquine sensitive FCR3 strain and chloroquine resistant K1 
strain) in Type A+ blood was seeded in 96-well culture plates (parasitaemia 0.5-1%, Hematocrit 
2.0%) and incubated with test drug for 72 h. After incubation, parasite lactate dehydrogenase 
activity was assayed to determine parasite growth and calculate the anti-malarial activity in 
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